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HEN  an  authoiir  ushers  a  perfbrniahce  into  the  world 
on  a  subject  that  has  been  frequently  treated  upon,  and  often 
with  considerable  ability  and  Success,  it  is  natural  for  him  to 
frame  dn  apology  for  his  undertaking,  either  by  writing  a 
panegyric  upon  the  subject  he  attempts  to  discuss,  or  by 
pointing  out  those  particulars  in  which  his  oWn  work  differs 
from  others,  and  shewing  how  far  there  is  a  probability  that 
his  deviations  from  the  usual  modes  of  arrangement,  or  dis- 
cussion, will  be  productive  of  advantage.  The  subject  of 
the  treatise  now  presented  to  the  public,  is  Astronomy,  a 
science  which  needs  no  laboured  eulogium  ;  for  its  intrinsic 
excellence,  and  its  attendant  advantages,  are  such,  that  it 
has  been  studied,  encouraged,  and  promoted,  by  tlie  most 
learned  and  cmfnent  men  of  all  ages  and  all  countries.  As- 
tronomy not  only  contributes  to  the  improvement  and  perfec- 
tion of  Chronology,  Geography,  and  Navigation,  to  the  ex- 
tension of  Trade  and  Commerce,  artd  the  consequent  com- 
fort of  life;  but  it  is  also  of  admirable  use,  in  strengthening 
the  mind  by  proper  exercises,  in  arming  the  reason  against 
the  vanity  of  scepticism  and  the  delusions  of  sophistry,  and 
in  adding  fresh  power  to  the  native  force  and  penetration  of 
the  understanding.  Besides  these  benefits,  which  all  are  will- 
ing to  ascribe  to  Astronomy,  there  are  others  which  are  not 
80  universally  acknowledged,  yet  ought  not  to  be  neglected  or 
forgotten : — this  most  delightful,  this  noblest  of  the  sciences, 
subjects,  as  it  were,  the  economy  of  the  universe  to  cur  con- 
tempbtion  :  it  enables  us  to  obtain  a  nearer  acquaintance 
with  the  most  numerous,  the  most  stupendous  and  magnifi- 
cent scenes  in  the  whole  creation  ;  to  trace  out  their  mutual 
intercourses,  their  certain  and  determined  motions,  their  re- 
gular returns,  their  stated  periods  ;  to  discover  the  inviolable 
laws  which  regulate  the  heavens,  and  the  admirable  harmony 
which  pervades  the  universe :  and  while  we  are  thus  engaged. 
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while  we  are  permitted  "  to  scale  the  etherial  towers,  and 
"  freely  range  through  the  celestial  fields,"  is  it  possible  that 
we  should  not  be  impressed  with  a  sense  of  the  unlimited 
power,  unbounded  wisdom,  and  infinite  goodness,  of  the 
adorable  Creator  and  Govemour  ?  The  great  excellence  of 
Astronomy  then,  even  as  a  promoter  of  morality  and.  devo- 
tion, must  be  admitted,  if  it  appear  that  it  furnishes  us  with 
stronger  arguments  to  prove  the  existence  of  a  supreme,  in- 
telligent First  Cause— shews  more  eflfectually  his  power  and 
wisdom— or  gives  us  more  clear  and  just  notions  of  his  other 
attributes  and  perfections,  than  any  other  knowledge  which 
is  attained  by  tne  mere  light  of  nature  :  and  that  it  accom- 
plishes this,  nay,  more  than  this,  cannot  fairly  be  denied, 
since  many,  who  are  no  mean  judges  in  this  respect,  are  con- 
stantly ready  to  assert  it,  on  the  fullest  conviction.  **  If  we," 
says  the  pious  and  learned  Dr.  Watts,  *'  look  upward  with 
David  to  the  worlds  above  us ;  if  we  consider  the  Heavens  as 
the  work  of  ti^Jinger  of  God,  and  the  moon  and  the  stars  wUch 
he  hath  ordained;  What  amazing  glories  discover  themselves 
to  our  sight  ?  What  wonders  of  wisdom  are  seen  in  die  exact 
regularity  of  their  revolutions  ?  Nor  was  there  ever  any  thing 
that  has  contributed  to  enlarge  my  apprehensions  of  the  im- 
mense pbwer  of  God,  the  magnincence  of  his  creation,  and 
his  own  transcendent  grandeur,  so  much  as  that  little  portion 
y>{  Astronomy  which  I  have  been  able  to  attain.  And  I  would 
not  only  recommend  it  to  young  students  for  the  same  pur- 
poses, but  I  would  persuade  al/  mankind  (if  it  were  possiole), 
to  gain  some  degree  of  acquaintance  with  the  vastness^ 
the  distances,  and  the  motions  of  the  planetary  worlds,  on 
the  same  account.  It  gives  an  unknown  enlargement  to  the 
understanding,  and  affords  a  divine  entertainment  to  the  soul 
and  its  better  powers.  With  what  pleasure  and  rich  profit 
would  men  survey  those  astonishing  spaces  in  which  the 
planets  revolve,  the  hugeness  of  their  bulk,  and  the  almost 
incredible  swiftness  of  their  motions  ?  When  we  muse  on 
these  things,  we  may  lose  ourselves  in  holy  wonder,  and  ery 
out  with  the  Psalmist,  '^  Lordy  what  is  man,  that  thou  art 
mindful  of  him  ;    and  the  son  of  man^  that  thou  shouUst  visit 

him  r 

Since,  then,  the  science  of  Astronomy  is  so  powerfully  re- 
commended to  our  attention  and  regard,  by  its  tendency  to 
improve  the  understanding,  to  delight  ihe  imagination,  and 
to  ameliorate  the  heart ;  it  is  no  wonder  that  puUicatioiis, 
in  which  its  principles  have  been  laid  down,  its  elements  de- 
monstratcdj  or  its  phenomena  explained,  have  become  very 
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fiumerouft.  The  Authour  of  the  present  undertakiiiff  has  no 
wish  to  depreciate  the  character  of  any  of  these  pubizcationsy 
or  to  lower  their  claims  upon  general  esteem,  in  order  to  in- 
duce the  public  to  transfer  their  exclusive  encouragement  to^ 
his  own  performance ;  on  the  contrary,  he  cannot  refrain 
from  giving  his  sufirage  to  the  real  value  and  obvious  utility 
of  the  labours  of  sevc^  of  his  predecessors  in  thb  depart- 
ment of  science.  The  works  of  Mr.  Bonnycastle^  Mrs.  BryaUf 
Mr.  FergusdHf  and  Dr.  Lcng^  are  admirably  calculated  to 
convey  in  a  popular  manner^  but  in  a  manner  which  often 
unites  famiharity  with  elegance,  a  clear  and  correct  states 
ment  of  the  various  facts  which  Astronomy  brings  to  li^ty 
and  ingenious  explanations  of  the  principal  phenomena  of 
the  Heavens.  Amon^  the  scientific  treatises,  those  of  Dr. 
Gregmryy  M.  ik  Im  Catui^  and  Mr.  Professor  yhtcey  merit  dis- 
tinguished approbation  :  Dr.  Gregorys  Elements  of  Auronmf^ 
Pkysieal  and  Geometrical^  though  published  at  a  time  when 
^  physical  principles  of  Newton  were  comparatively  but 
little  known,  and  where  knovm,  opposed,  richly  deserved 
die  esteem  in  which  thev  were  held  by  Newton  himself,  as 
a  most  excellent  explanation  and  defence  of  his  philosophy : 
in  almost  every  page  they  display  strong  traits  of  originality, 
and  of  ripened  judgment,  and  will  remain  a  lasting  monu- 
ment of  the  admirable  genius  and  profound  knowledge  of 
their  authour.— 72f  Elenunts  of  Aitronomy  by  M.  de  la  Caille^ 
have  also  been  long  admired,  on  account  of  the  elegance, 
the  accuracy,  and  the  scientific  skill  with  y/hich  they  are  ex- 
hibited :  and  The  complete  System  of  Astronomy y  by  Mr.  A7w^, 
is  generally  and  justly  acknowledged  to  be  the  most  extensive 
and  useful  body  of  information  on  tliis  science,  which  has 
yet  been  published  in  Britain.  Other  performances  like  vase, 
particularly  tliose  of  Mr.  Emerson  and  Dr.  Keill^  have  much 
merit  *.  But,  with  the  exception  of  the  System  of  Professor 
Vince,  none  of  these  suit  the  present  matured  state  of  the 
science:  books  of  astronomy  must,  from  the  nature  of  the  sub- 
ject on  which  they  treat,  have  a  very  contracted  period  of  utility, 
in  comparison  witli  that  which  is  allotted  to  works  on  pure  and 
abstract  science  :  the  latter  may  be  advanced  to  a  very  high  de- 
gree of  perfection  by  the  exertions  of  Tin  individual,  and  may 

*^  The  Authour  speaks  here  of  Astronomical  works  published  in 
England;  for  the  excellent  ones  published  in  France,  and  not  trans- 
lated, are  by  no  means  fo  generally  known  in  this  country  as  might 
b«  wished;  indeed,  most  of  them  are  so  expensive,  that  there  is  out 
little  prospect  of  their  obtaining  a  place  in  the  library  of  every  roatbe- 
n^tlcian. 
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obtain  a  celebrity  which,  after  the  lapse  of  ages,  shall  har^ 
8ui!bred  no  diminution ;  but  the  former  depend  upon  circum^ 
stances^  over  which  a  single  man,  though  of  gigantic  inteU 
ligencCf  has  no  control.  Astronomy  is  ^'  a  science  which 
has  increased  not  only  by  the  accumulation  of  its  own  reve- 
nues, but  by  the  tributary  contributions  of  other  sciences  and 
arts  ;"  *  and  is,  therefore,  receiving  constant  accessions  from 
almost  every  quarter :  fresh  inventions  in  mechanics,  more 
.perfect' instruments  in  optics,  ingenious  improvements  in  ana- 
lysis, more  simple  formulae  in  calculation,  more  profound 
acquaintance  with  physical  principles;  all  contribute  to  the 
real  extension  of  Asti'onomy,  by  facilitating  and  rendering 
more  accurate  the  necessary  computations,  and  by  giving^ 
precision  and  success  to  every  diligent  and  judicious  observa*- 
rion.  It  is,  hence,  manifest  that  treatises  upon  this  sci- 
ence, however  accurate  in  theory,  however  ingenious  in  their 
arrangement,  however  copious  and  clear  in  the  developement 
of  pnnciples,  or  the  elucidation  of  appearances,  cannot  alone 
continue  long  in  use  ;  but  must  give  way  to  others  which  arc 
enriched  with  the  result  of  the  most  successful  series  of  ob- 
serrations,  and  the  newest  and  most  brilliant  discoveries. 
The  only  scientific  work  on  Astronomy,  published  in  this 
kingdom,  in  which  the  new  improvements  and  discoveries 
are  incorporated  in  a  manner  adequate  to  their  real  import- 
ance and  value,  is  that  by  Professor  Vince,  before  mentioned  : 
but  it  if  not  to  be  expected  that  all  who  are  desirous  of  in- 
creasing their  astjronomical  knowledge,  by  the  result  of  the 
laudable  exertions  of  BoeUn  Hirschil^  La  Lande^  Maskelyne, 
Zach,  and  otiicrs,  will  have  it  in  their  power  to  consult  so 
voluminous  a  work  as  the  Professor's;  though  even  that 
would  be  far  more  practicable  than  to  have  recourse  to  the. 
numerous  volumes  of  Memoirs^  AcUy  Transactionij  &c* 
through  which  this  valuable  information  is  scattered.  From 
these  considerations,  the  Authour  of  the  following  ^eets  has 
been  induced  to  endeavour  to  supply,  what  is  thought  by 
many  besides  himself  to  bo  a  deiiciencv,  and  to  lay  before 
the  public  a  treatise  on  Astronomy,  which  shall  in  some 
measure  correspond  witli  the  advanced  state  of  the  science, 
and  at  the  same  time  occupy  an  intermediate  station,  between 
those  which  give  merely  a  concise  view  of  the  elements,  and 
,  those  which  by  their  voluniinousness  and  consequent  cxpen- 
«iveness,  are  prevented  from  obtaining  a  general  circulation 
among  students  of  mathematics. 

"*  Monthlji  RtvttWf  vol.  xxvii.  I^.  S.^ 
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III  the  prosecution  of  the  Authour's  design,  the  chief  dif- 
ficulty consisted  in  adopting  a  proper  mode  of  arrangement, 
and  in  allotting  to  each  of  the  various  celestial  bodies,  and 
its  phenomena,  a  just   and    proper    share   in    the    work. 
With  respect  to  arrangement,  it  appears  to  the  Authour  to 
have  been  customary  for  the  great  facts  of  Astronomy  to  be 
stated  too  early,  that  is,  long  before  the  mind  is  prepared 
to  give  them  a<knission.     The  truths  in  Astronomy,  as  laid 
betore  us  in  the  System  of  Copernicus,  although  they  cannot 
but  afford  delight  by  their  simplicity,  uniformity,  and   har- 
mony, yet  are  presented  in  a  garb  so  totally  different  from 
that  which  nature  appears  to  wear,  that  many  persons  are  un- 
willing to  yield  them  any  farther  assent,  than  that  which  is 
grounded  upon  the  opinion  of  others-,  who,  they  suppose, 
from  the  unremitting  attention  they  have  paid  to  the  subject, 
may  probably  be  right.     According  to  this  mode  of  arrange- 
ment, the  student  must  submit  to  two  operations  of  intellect, 
both,  in  some  measure,  painful  j  he  must  not  wait  for  the  as- 
sociation between  die  ideas  suggested  by  the  propositions  set 
before,  him,  and  the  sensations  or  internal  feelings  which  ac- 
company his  ideas  of  truth,  though  this, association  lies  at  the 
foundation  of  rational  assent;  but  he  must  give  assent  at 
once,  to  that  which  is  contrary  to  die  evidence  of  his  senses ; 
and  then,  he  must  trace  out  the  agreement  of  what  he  re- 
luctantly assented  to  with  the  phenomena  of  nature.     In- 
stead of^  a  process  like  this,  is  it  not  much  more  natural,  and 
much  more  satisfactory  to  the  mind,  to  develope  graduaUy 
the  real  system,  as  far  as  possible,  from  our  observations  upon 
its  component  parts  ?     And  with  respect  to  the  assignment 
of  the  separate  portions  into  which  die  consideration  of  the 
heavenly  bodies  may  be  divided,  the  Authour  cannot  help 
thinking,  that  many  have  been  seduced,  by  contemplating 
the  beauty  and  regularity  which  are  manifest  in  the  order  and 
motions  of  the  primary  and  secondary  phnetp,  to  give  to  the 
fixed  stars  an  inferiour  place  in  the  science,  to  conceal  them 
as  it  were  in  a  corner,  as  though  they  were  the  most  insignia 
cant  bodies  in   the  universe,  and  of  no  importance  in  the 
study  of  Astronomy ;  whereas,  according  to  the  just  remark 
of  Dr.  Keiiif  "  It  is  upon  the  observation  of  the  fixed  stars, 
"  as  upon  immoveable  pillars,  that  the  whole  science  of  As* 
"  tronomy  is  erected,  and  by  them  it  is  sustained." 

With  these  views  the  Autnour  could  not  avoid  attempting 
the  success  of  a  different  kind  of  arrangement,  such  as  ap- 
peared to  him  more  consistent  with  the  fabric  of  the  uni/- 
vcrse^  more  congenial  to  the  satisfactory  operatipns  of  the 


reasoning  powers^  and,  he  hopes,  mone  calcuhted  to  dUse- 
minate  a  knowledge  of  the  science,  and  to  stamp  conviction 

.  upon  the  minds  of  ingenuous  enquirers.  The  nature  of  the 
plan  he  has  adopted  may  be  understood  from  the  following 
€X>ncise  account  of  it : — The  work  commences  with  a  deter- 
mination of  the  figure  and  dimensions  of  the  earth  i  which  is 
followed  by  an  explanation  of  terms  relating  to  some  imagi- 
nary pointt,  lines,  and  circles  on  the  earth,  and  their  corre- 
aponding  ones  in  the  heavens  :  the  a[^arent  diurnal  motions 
•ei  the  heavenly  bodies  are  then  briefly  described,  the  diurnal 
and  annual  apparent  motions  of  the  sun  are  more  particularly^ 
pointed  out,  and  the  method  of  ascertaining  the  situation  o^ 
die  ecliptic  (or  circle,  in  which  the  6un^3  annual  motion 
jf^pears  to  be  performed)  is  explained.  This  is  followed  by 
an  elucidation  of  the  seasons,  a  determination  of  the  lengtn 
of  the  year,  and  an  account  of  the  precession  of  the  equi- 
noxes :  these  are  succeeded  by  a  description  of  the  methods 
by  which  the  relative  situations  of  the  fixed  stars  have  been 
ascertained,  the  nature  and  necessity  of  the  artificial  distri^ 
bution  of  them  into  constellations  is  dhewn,  and  in  enumera- 
tion of  the  constelbtions,  and  the  most  noted  stars  in  each, 
is  given.  The  Authour  dien  explains  the  nature  of  parallax, 
retraction,  and  the  equadon  of  time,  since  the  corrections 
depending  upon  them  are  of  so  much  consequence  \  and 
exemplifies  the  use  of  that  jpart  of  astronomy  which  deter- 
mines  the  apparent  motion  of  the  sun,  and  the  relative  situa- 
tion of  the  fixed  stars,  by  a  collection  of  problems,  in  which 
are  given  the  methods  of  determining  the  rising,  culminating, 
aetting,  &c.  of  both  the  sun  and  tjfie  stars :  this  part  of 
the  work  includes  as  much  of  the  science  as  could  be  known 
previous  to  the  discovery  of  the  planets,  or  the  determination 
of  the  orbit  and  motions  of  the  moon.  After  this  the  astro- 
nomy of  the  planets  is  commenced :  the  most  striking  of 
their  apparent  motions  are  described,  and  the  description  is 
followed  by  a  concise  sketch  of  the  most  celebrated  systems 

*  which  have  been  invented  to  account  for  the  various  phencK 
mcna  ;  and  reasons  are  assigned  for  assuming  the  system  of 
Copernicus,  as  improved  by  Kepler  and  Newton.  The 
theory  of  apparent  motions  is  then  laid  down,  and  applied  to 
the  pnenomena  of  the  planetary  motions :  the  law  is  shewn 
by  which  the  planets  are  retained  in  their  orbits,  and  its  con- 
formity with  the  law  of  gravity  is  rendered  obvious.  To  this 
nicreeds  the  determination  of  the  orbits  of  tlte  planets,  and 
the  various  elements  of  their  theory,  from  observation :  in 
order  to  efiect  this  in  the  Biost  natural  vray^  the  situation  aod 
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magnitude  of  the  earth's  orbit  are  first  established,  as  a  pro- 
per basis  for  those  geometrical  operations  which  lead  to  die 
detenninaticm  oi  die  orbits  of  the  other  planets.  The  appa- 
rent and  real  diameters,  the  times  of  rotation  of  die  sun  and 
planets,  and  the  inclinations  of  their  axes,  are  then  ascer- 
tained; and  the  illustratidn  of  their  phases,  stations,  and 
odier  appearances,  is  completed.  These  are  Mlowed  by  the 
astronomy  of  the  moon  and  satellites,  and  die  ring  of  satom 
— ^br  the  doctrine  of  solar  and  lunar  eclipses,  and  occultadons 
of  nxed  stars  by  the  moon — by  an  explanation  of  the  nature 
of  the  transits  of  mercury  and  venus  over  the  sun's  disc,  and 
the  method  of  deducing  the  sun's  parallax  from  observations 
on  diese  transits.  After  these  are  given  three  chapters,  on 
die  astronomy  of  comets,  the  aberradon  of  light,  and  the 
determinadon  of  terrestrial  latitudes  and  longitudes.  In  the 
last  chapter,  the  contemplation  of  the  fixed  stars  is  resumed  i 
an  enquiry  is  made  into  their  distances,  magnitudes,  nature^ 
nuad^er,  and  motion ;  and  this  naturally  suggests  some 
reflections  on  the  immensity  of  die  universe,  and  some  argu- 
ments to  prove  the  existence  and  attributes  of  die  great  First 
Cause  :  with  which  die  treatise  concludes.  Throughout  die 
whole,  it  is  supposed  diat  the  reader  has  obtained  a  previous 
knowledge  of  the  principlea  of  algebra,  plane  and  spherical 
geometry  and  trigonometry,  conic  sections,  mechanics,  optics, 
and  die  projections  of  the  sphere :  the  doctrine  of  fluxions 
is  only  made  use  of  in  one  or  two  instances,  and  those 
respecting  matters  of  mere  curiosity. 

The  Authour  is  aware,  that  plans  of  a  very  different  nature 
from  that  which  he  has  adopted  might  have  been  resorted  to 
with  a  considerable  share  of  success ;  but  he  was  inducisd  to 

Eroceed  in  the  manner  he  has  just  described,  by  a  lu>pe  that 
c  should  thereby  be  enabled  to  develope  the  principles,  dis- 
cover the  facts,  and  establish  the  prevailing  system  of  astro- 
nomy, without  requiring  the  assent  of  the  student  to  what 
was  not  previously  shewn  to  be  consistent  with  truth,  or  the 
allowed  principles  of  subsidiary  branches  of  knowledge.  lit 
order  to  prevent  the  admission  of  impossible  or  contradictory 
suppositions,  or  ^o  avoid  that  ^errour  which,  it  is  to  be  la- 
mented, is  sometimes  found,  even  in  the  ^Titings  of  mathe- 
maticians, namely,  that  of  reasoning  in  a  circle,  it  is  univer- 
sally allowed  to  be  a  good  rule,  not  to  suppose  any  thing  &9 
be  done,  or  die  existence  of  any  thing  to  be  established,  until 
the  mode  of  accomplishing  the  former,  or  the  great  probabi- 
lity of  die  existence  of  the  latter,  is  satisfactorily  sh^wn.  To 
this  rule  it  is,  perhaps,  impossible  entirely  to  adhere,  since 
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even  Eudid,  that  most  accurate  and  rigorcfUs  geomefnciaif^ 
was  sometimes  obliged  to  deviate  from  it  ^  yet,  as  it  is  cer- 
tainly far  better  to  keep  it  in  view  than  totally  to  disregard 
it,  the  Authour  has  set  it  constantly  before  him,  and  has,  he 
believes,  departed  from  it  but  in  very  few  instances.  He 
acknowledges  that  he  has,  in  all  his  difections  for  deter- 
mining the  theory  of  the  sun  and  planets,  supposed  the  lati- 
tude and  longitude  of  the  place  of  observation  to  be  known  : 
but  this,  he'  conceives,  will  be  readily  granted  him,  since 
something  must  be  assumed,  and  these  particulars  are  ascer- 
tained, with  tolerable  accuracy,  in  most  places  where  his 
treatise  is  likely  to  be  circulated. 

Besides  the  determination  of  the  orbits,  distances,  magni- 
tudes, and  motions,  of  the  heavenly  bodies,  and  other  parti^ 
culars  which  belong  to  the  elements  of  astronomy,  the 
Authour  was  desirous  of  incorporating  in  his  performance 
various  problems  that  arc  intimately  connected  with  the  sub- 
ject, and  that  may  be  of  real  advantage  ;  and  he  ha%  in  a 
few  places,  inserted  problems,  more  on  account  of  their 
curiosity,  or  the  entertainment  they  afford,  than  their  actual 
utility.  He  has  also  taken  the  liberty  to  insert  one  or  two 
erroneous  methods  of  performing  problems,  and  then  to  shew 
tlieir  fallacy ;  but  this  is  only  done  where  it  appeared  abso- 
lutely necessary,  in  order  to  caution  the  student  against  the 
adoption  of  rules  which  are  strongly  recommended,  either  by 
their  apparent  simplicity  and  accuracy,  or  the  celebrity  of 
those  authours  who  have  made  use  of  them. 

As  far  as  the  Authour's  judgment  enabled  him  to  perform 
It  properly,  he  has  assigned  to  every  part  of  astronomy  ita 
due  proportion  in  his  treatise,  and  he  shall  be  happy  if  it  be 
found  that  he  has  discussed  the  various  subjects  which  came 
under  his  notice,  with  accuracy  and  perspicuity ;  but,  as  he 
is  conscious  that  some  persons  will  wish  for  more  profound 
or  more  extensive  information,  on  many  points,  than  could 
possibly  be  given  within  the  bounds  he  has  prescribed  him- 
self, he  has  frequently  referred  to  publications,  where  the 
thirst  of  the  ardent  enquirer  after  knowledge  may  be  more 
completely  satisfied. 

It  would  ill  become  the  Authour  to  presume  that  his  work 
is  without  faults :  he  has,  it  is  true,  used  every  exertion  to 
avoid  errours ;  still  he  is  fearful  they  will  be  met  with  too 
frequently.  He  has  only  one  apology  to  ciKr,  but  that  will, 
he  hopes,  ward  off  the  severity  of  censure :  the  treatise  was 
composed  during  the  short  intervals  of  leisure  which  could 
be  snatched  from  the  employment  of  a  large  school ;  an  em- 
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ploymeiit  which  requires  the  Authoiir's  persevering  attention 
jor  more  than  eight  hours  in  the  day,  and  leaves  him  scarcelj^ 
leisure  sufficient  to  remove,  by  exercise,  the  injury  done  to 
Jiealth  by  Quch  close  confinement.  Nothing  but  an  earnest 
desire  to  promote  the  cause  of  science  could  have  tempted 
)iiiil  to  relmquish  the  advantages  of  exercise,  and  appropriate 
Jus  leisure  to  the  composition  of  this  treatise ;  and  if,  through 
the  want  of  either  time  or  ability,  he  has  failed  of  accom- 
plishing the  purpose  he  had  in  view,  he  trusts  it  will  be 
forgiven,  when  he  assures  the  public  he  should  never  have 
attempted*'to  supply  the  want  ot  a  work  of  this  kind,  had  it 
;ippieared  probable  that  any  other  person  would  undertake  it 
speedily. 

The  Authour  cannot  conclude  this  Preface  before  he  has 
acknowledged  his  obligations  to  preceding  writers  on  Astro- 
nomy, from  whose  labours  he  has,  in  many  respects,  derived 
considerable  benefit :  indeed,  he  is  free  to  confess,  that  his 
treatise  has  few  claims  to  originality,  except  in  point  of 
arrangement  J  and,  if  the  plan  he  has  pursued  be,  on  the 
4iirhole,  productive  of  advantage  to  the  student  or  the  science, 
his  grand  object  vrill  be  attained.  Nevertheless,  as  he  is 
soliatous  to  improve  his  work  as  far  as  possible,  he  earnestly 
ihtreats  that  jthpse  who  discover  any  errours  therein,  either 
in  method,  in  principle,  or  in  computation,  will  have  the 
goodness  to  make  them  known  to  the  Authour,  that  they 
may  be  corrected  in  a  future  edition,  should  the  performance 
be  so  far  approved  as  to  render  another  edition  necessary. 


Camtridgff  May  2®,  1 8c  i . 
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ASTRONOMV. 


CHAPTER   I* 
On  the  Figure  and  Dimensions  of  the  Earth 


Art.  1.  X  O  determine  the  distances,  magnitudes, 
and  orbits,  of  the  heavenly  bodies  ;  to  describe  their 
rarious  apparent  motions,  and  explain  them  by  shew« 
ing  their  dependence  upon  the  real  motions  from 
which  the  appearances  result ;  to  exhibit  the  laws  by 
which  these  bodies  are  regulated ;  and  to  trace  the  r&« 
lations  and  dependences  of  these  laws  so  far  as  we  are 
enabled  to  develope  them,  is  the  business  of  that  branch 
of  natural  philosophy  which  is  called  astronomy  : 
a  science  wnich^  from  the  certainty  and  evidence  of  its 
demonstrations,  from  the  great  and  manifest  advan-* 
tages  with  which  it  furnishes  us,  and  from  the  vast; 
amplitude  and  sublimity  of  that  universe  which  it  pro- 
{K>ses  for  no^  contemplation,  is  admirably  calculated 
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4  Con-cexity  of  the  Earth. 

time  before  the  hull  and  lower  parts  of  the  Tesse!, 
though  much  larger,  come  into  view.  Seamen,  it  is 
well  known,  frequently  discover  distant  lands  from  the 
tops  of  a  ship*s  masts,  long  before  they  are  visible  to 
those  who  stand  upon  deck.  These  circumstances, 
and  many  others  of  a  similar  nature,  immediately 
^ggest  the  idea  that  the  earth  is  not  a  vast  plane  in- 
terspersed with  hills,  dales,  and  seas,  but  of  some 
curvilinear  figure,  the  convexity  of  which  rises  up  and 
prevents  the  prospect  of  distant  objects.  And  since 
circumstances  alike  both  in  kind  and  degree,  have 
thus  been  observed  on  all  known  parts  of  the  earth, 
it  is  natural  to  infer  that  it  is  in  the  shape  of  a  solid  of 
regular  and  equal  curvature,  or  that  it  is  a  sphere. 
The  experience  of  those  who  are  employed  in  the  bu« 
siness  of  levelling,  tends  greatly  to  confirm  the  jus- 
tice of  this  inference ;  for,  if  the  earth  be  a  sphere, 
two  or  more  places  are  on  a  true  level  when  they  are 
'equally  distant  from  its  centre  ;  but  the  lihe  of  sight, 
or  apprj-ent  level,  will  be  a  tangent  to  its  surface,  and 
consequently  different  parts  of  that  line  will  be  at  un- 
equal distances  from  the  centre.  Thus,  in  fig.  f,  PL  I. 
A  D  G,  or  a  curve  parallel  thereto,  will  be  the  line  of 
true  level;  and,  supposing  the  operation  of  levelling  to 
commence  at  the  point  D,  the  tangent  D  H 1  will  be 
the  line  oi apparent  ItveL  Now,  it  is  constantly  found 
by  persons  engaged  in  this  part  of  surveying,  that  in 
levelling  the  bottoms  of  canals  to  convey  water  to  dis- 
tant places,  the  allowance  which  they  are  obliged  to 
make  for  the  differences  F  H  and  G I  between  the  ap- 
parent and  true  level,  at  the  distances  D  F  and  D  G, 
agrees  exceedingly  nearly  with  what  would  be  re- 
quired were  the  earth  an  exact  spjjere.  It  is  also 
iound  that  the  distance  A  D,  to  which  a  person  can  see 
from  the  top  of  an  eminence  A  P,  corresponds  very 
Accurately  with  the  distance  as  calculated  on  the  sup- 
position of  the  earth  being  a  sphere  of  a  known  diame- 
ter.   To  these  observations* wc  must  likewise  add,  thai 
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levcral  navigators  have  sailed  quite  round  the  earth  ; 
not  in  an  exact  circle  it  is  true,  for  this  the  winding 
of  the  shores  would  not  admit  of;  but  going  in  and 
out  as  the  shores  happened  to  lie,  they  have  held  on 
Ac  same  course,  and  arrived  at  their  native  country 
on  a  diflferent  side  from  that  on  which  they  first  began 
their  voyage :  thus  Ferdinand  Magellan^  setting  out 
on  the  west  side  of  Spain,  continued  shaping  his 
course  westward,  till  he  returned  home  on  the  south- 
eastern side  of  Spain ;  and  thus  also  have  Drake^ 
Dampiery  Cookty  and  others,  circumnavigated  the 
earth :  and  when,  in  addition  to  all  these  facts,  it  is 
recollected,  that  all  the  rules  of  navigation  are  con- 
formable to  the  opim'on  of  the  earth  being  nearly  glo- 
bular, and  that  these  rules  never  lead  the  mariner 
into  material  error,  even  in  the  longest  and  most  com- 
plicated voyages;  these  well-known  circumstances, 
without  adducing  others,  though  others  equally  or 
more  forcible  might  be  adduced,  must  sufficiently 
establish  the  belief  in  the  mind  of  every  impartial  and 
competent  judge,  that  the  earth  deviates  but  very  little 
in  its  form  from  that  of  a  sphere. 

6.  Were  the  earth  exactly  of  this  form,  if  it  were 
cut  by  a  plane  passing  through  the  centre,  the  section 
would  be  a  complete  circle,  and  then  its  diameter  might 
be  ascertained  by  means  of  accurate  instruments  for 
taking  angles,  in  the  following  manner  :  Suppose  the 
exact  height  A  P  (fig.  i,  PI.  I.)  of  a*  mountain 
standing  near  the  sea  (the  Pike  of  Teneriffe,  for  in- 
stance) was  known  to  be  four  English  miles,  and  that 
the  angle  A  P  D  made  by  a  plumb-line  and  a  line  P I 
con^rdved  to  touch  the  surface  of  the  water  in  the  far- 
thest visible  point  D,  was  found  to  be  87°  25'  ^f\ 
then,  since  A  E  drawn  perpendicular  to  A  P  is 
equal  to  E  D,  as  is  known  from  the  principles  of 
geometry,  it  would  be,  as  radius  :  tangent  of 
APE::AP(4)  :  AE  =  E  D=:  89-184;  andasra* 
diu8  :  secant  of  A  P  E : :  A  P :  P  E  zz  89*274 :  whence 
J*D=i78*458.    Lastly,    in  the  triangle  C  P  D, 
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as  radius :  tangent  ofAPD::PD:DC  rr  3978*9ji 
the  double  of  which  is  JSS7*^y  ^^  earth's  diame- 
ter. 

7*  But,  since  a  meridian  (Art.  i8.),  or  any  other 
circle  oir^  sphere,  may  be  conceived  to  be  divided 
into  360  equal  parts,  called  degrees,  and  these  into 
minutes  and  seconds,  as  explained  by  the  writers  oil 
trigonometry,  the  circumference  of  the  earth,  and 
thence  its  diameter,  may  be  determined  by  measuring 
the  length  of  a  degree  on  the  meridian  or  any  other 
great  circle  (Art.  1 2.).  To  perform  this  important  pro- 
blem, there  have  been  various  methods  invented  by 
different  philosophers  of  early  and  later  times  ;  one 
of  these  methods,  which  unites  considerable  accuracy 
with  great  facility,  will  be  readily  understood  front 
fig.  2,  PL  I.  where  P  B  and  S  T  represent  two  moun- 
tains or  very  high  buildings,  the  distance  PS  betweeix 
which  must  be  very  nicely  determined  by  longimetry : 
then,  by  measuring  the  angles  R  B  T  and  R  T  B  with 
an  accurate  instrumgit,  their  sum  taken  from  180^ 
leaves  the  angle  B  R  T,  which  is  measured  also  by  the 
arc  P  S  ;  whence  P  S  is  known  in  parts  of  the  whol^ 
circle.  Thus,  if  the  angle  B  T  R  be  89^  45^  32^  th« 
angle  TB  R  89*^  54'  28^  and  the  distance  PS  2377 
JEnglish  miles ;  then  the  angle  R  or  arc  P  S  b^g 
equal  to  180^—89^  45^  32^+89^  54'  28''=2o',  it  will 
be,  as  20^ :  60'  or  i^  :  :  23  ~  ;  69 -|-  English  miles, 
length  of  a  degree.  Hence,  the  circumference  of  the 
earth  is  (according  to  this  example)  24912  miles,  and 
its  diameter  nearly  7930  miles. .  •*  •  •  A  material  ad- 
vantage attending  this  method  is,  that  there  is  no  oc<« 
casion  to  measure  the  altitudes  of  the  mountains,  an 
object  which  can  seldom  be  attained  without  consider* 
able  difficulty. 

8.  The  method  which  is  given  above  is,  it  must 
be  confessed,  as  well  as  all  the  other  methods  which 
aim  at  the  measurement  of  a  degree  without  having 
recourse  to  the  heavenly  bodies^  liable  to  some  inac« 
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curaqr :  for,  by  reason  of  the  changes  in  the  state 
of  the  atmosphere,  distant  terrestrial  objects  never 
appear  in  their  true  places ;  they  always  seem  more 
or  less  elevated  or  distant,  according  to  the  nattire  of 
the  season,  and  the  time  of  the  day.  On  this  ac<« 
count-*- and  because  it  could  not  escape  observation, 
that  as  persons  changed  their  situation  on  the  earth 
by  moving  towards  the  north  or  the  south,  the  stars 
and  other  heavenly  bodies  either  increased  or  decreas- 
ed their  apparent  altitudes  proportionally  — -  the  mea- 
Mrement  of  a  degree  was  attempted,  even  by  the 
earliest  philosophers,  by  means  of  known  fixed  stars  ; 
(Art.  27.).  Every  person  who  is  acquainted  with  plane 
trigonometry  will  admit,  that  the  distance  of  e^o 
places,  north  and  south  of  each  other,  may  be  accu* 
lately  measured  by  a  series  of  triangles :  for  if  we 
measure  the  distance  of  any  two  objects,  and  take 
the  angles  which  each  of  them  make  with  a  third,  the 
tiiangle  formed  by  the  three  objects  will  become 
known ;  so  that  the  other  two  sides  may  be  as  truly 
determined  by  calculation,  as  if  they  had  been  actu- 
ally measured.  And  by  making  either  of  these  sides 
the  base  of  a  new  triangle,  the  distances  of  other  ob- 
jects may  be  found  in  the  same  manner^  and  thus  by 
a  series^  triangles,  properly  connected  at  their  bases, 
we  might  measure  any  part  of  the  circumference  of 
the  earth.  And  if  these  distances  were  reduced  to 
the  north  and  south,  or  meridian  line  (Art.  1 8.),  and 
the  altitude  of  some  star  was  measured  at  the  extre- 
mities of  the  distance,  the  difference  of  the  altitudes 
would  be  equal  to  the  length  of  the  grand  line  in  de- 
grees, minutes,  &c.  whence  the  length  of  a  degree 
would  be  known.  This  method  was,  we  believe, 
first  practised  by /!Jra/o^///6';/6'.^  in  Egypt ;  and  has  been 
frequently  used  since  with  greater  and  greater  accu- 
racy, in  proportion  as  the  instruments  for  taking 
angles  became^  by  gradual  improvements,  more  ejiact 
^  miautc. 
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9.  By  this  method,  or  some  others  not  widely  ' 
different,  and  which  it  is  needless  here  to  explain,  the 
length  of  a  degree  has  been  measured  in  different 
parts  of  the  earth  ;  the  results  of  the  mod  noted  of 
these  admeasurements  it  may  be  proper  to  give* 

Snell  found  the  length  of  a  degree  by  two  differ-i 
ent  methods :  by  one  method  he  made  it  57064 
Paris  toises,  or  342384  feet ;  and  by  the  other  57057 
toises,  or  34^342  feet, 

M.  Picard,  in  1 669,  found  by  mensuration  from 
Amiens  tP  Malvoisin,  the  quantity  of  a  degree  to  be 
57060  toises,  or  342360  feet ;  being  nearly  an  arith- 
metical mean  between  the  numbers  of  Snell. 

Qur  countryman  Norwood ^  about  the  year  1635, 
by  measuring  between  London  and  York,  determin- 
ed a  degree  at  367196  English  feet,  or  57300  Paris 
toises,  or  69  miles  288  yards, 

M.  AJusc/ienbroek,  in  1700,  with  a  view  of  cor- 
recting the  errors  of  Snell,  found  by  particular  ob^ 
servations  that  the  degree  between  Alcmaer  and  Ber* 
gen-op-zoom  contained  57033  toises, 

Messrs.  MaupertuiSj  Clairaiitj  Motmiery  an4 
others  from  France,  were  sent  on  a  northern  expedi«t 
tion,  and  began  their  operations  in  July  1736;  they 
found  the  length  of  a  degree  in  Sweden  to  be  57439 
toises,  when  reduced  to  the  Irfvel  of  the  sea.  About 
the  same  time  Messrs.  Godhi,  Bouguc?^  and  Conda^^ 
minCy  from  France,  with  some  philosophers  from 
Spain,  were  sent  to  South  America,  and  measured  a 
degree  in  the  province  of  Quito  in  Peru  ; '  the  medi<. 
um  of  their  results  gives  about  56750  toises  for  a  de*. 
gree. 

M.  de  la  Caille,  being  at  the  Caf)e  of  Good  Hope 
in  1752,  found  the  length  of  a  degree  on  the  men* 
dian  there  to  be  57037  toises.  In  1755  father  Bos^ 
covich  found  the  length  of  a  degree  between  Rome 
and  Rimini  in  Italy  to  be  56972  toises. 

In  1 764,  t\  Bcccaria  measured  a  degree  near  Tu-. 
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rin ;  from  his  measurement  he  deduced  tlie  length 
of  a. degree  there  57024  toises.  At  Vienna  the 
length  of  a  degree  was  found  57091  toises. 

And  in  1766  Messrs.  Mason  and  Divon  mea- 
sured a  degree  in  Maryland  and  Pennsylvania,  North 
America,  which  they  determined  to  be  2>^2)7^?>  ^^g* 
iish  feet,  or  56904^  Paris  toises. 

iO.  The  differences  between  the  measure  of  a  de- 
gree on  the  meridian,  at  different  parf  s  of  the  earth,* 
being  in  some  cases  considerable,  must  lead  us  to  sup- 
pose that  the  earth  is  not  strictly  spherical ;  and  in- 
deed it  was  the  idea  that  the  earth  deviated  from  a 
sphere,  that  occasioned  a  degree  to  be  measured  in 
so  many  different  places :  for  M.  Richer^  in  a  voyage 
made  to  Cayenne,  found  that  the  pendulum  of  his 
clock  did  not  vibrate  so  frequently  there,  as  it  did 
when  at  Paris ;  but  that  it  was  necessary  to  shorten  it 
by  about  the  eleventh  -part  of  an  inch  to  make  it  vi- 
brate  in  exact   seconds.     From  this  circumstance, 
though   apparently   trifling,    resulted  more  precise 
knowledge  respecting  the  figure  of  the  earth :  for, 
since  it  is  evident  from  the  nature  of  pendulums,  that 
where  they  perform  their  vibrations  slower,  the  velo- 
city of  the  descent  of  bodies  by  their  gravity  is  slower 
in  the  same  proportion ;  and  since  a  difference  in  the 
force  of  gravity  was  Supposed  to  indicate  an  altera- 
tion in  the  distance  from  the  centie  of  the  earth,  it 
was  concluded  that  those  parts  where  the  pendu- 
lum vibrated  most  slowly  were    farthest  removed 
from  the  centre;  and,  on  the  contrary,  where  the 
vibrations  were  quickest,  the  distance  from  the  centre 
was  concluded  to  be  least.     'J'herefore,  from  obser- 
vations on  the  motions  of  pendulums  at  different  parts 
of  the  earth,  properly  combined  with  the  mensura- 
tion of  a  degree  at  the  same  places,  the  figure  and 
dimensions  of  the  earth  are  at  length  ascertained, 
with  probably  as  much  accuracy  as  the  nature  of  the 
case  will  admit  of.     The  figure  is  now  supposed  to 
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correspond  very  nearly  with  that  of  a  spheroid  gcftc*' 
rated  by  the  motion  of  a  semi-ellipsis  about  its  minor 
axis ;  and  the  two  axes,  as  calculated  by  the  principles^ 
of  conic  Sections  from  the  different  measurements  of  a 
degree,  are  found  to  be  7940  and  7977  English  miles 
respectively ;  being  nearly  in  the  ratio  of  2 14  to  2 1 5. 

The  principles  ^d  nature  of  the  calculation  may  be 
explained  by  this  analysis :  Let  aPAp  (fig.  i,  PL  II.) 
be  an  ellipsis  representing  a  section  of  the  earth 
through  its  shorter  diameter  P/>,  the  greater  diameter 
being  Aa;  let  £  and  F  be  two  places,  where  the 
measure  of  a  degree  has  been  taken  ;  these  measures 
are  proportional  to  the  radii  of  curvature  in  the  el- 
lipsis  at  those  places  ;  and  if  C O,  C R,  are  conjugates 
to  the  diameters,  the  vertices  ot  which  are  E  and  F, 
C  (^will  be  to  C  R  in  the  subtriplicate  ratio  of  the 
radius  of  curvature  in  £  to  the  radius  of  curvature  in 
F  (as  is  proved  by  the  writers  on  conies),  and  there- 
fore in  a  given  ratio  one  to  the  other*  Then  QJ/ 
and  R  Z  S  bemg  drawn  parallel  to  P  />,  and  QJK  Y  W 
parallel  to  a  A,  the  angles  QjC  P,  R  C  P,  are  the  lati- 
tudes (Art.  19.)  at  £  and  F ;  so  that  these  angles  and 
the  ratio  of  C  Q^to  C  R  being  given,  the  rectilinear 
figure  C  VOX  RY  is  given  in  species  j  and  the  ratio  of 
yc*— ZC^(  ziQXxXW)  toRZ*— QV^(z=RXxXS) 
18  given, which  is  the  ratio  of  VC*  toCP* :  consequent* 
ly  the  ratio  of  C  A  to  C  P  is  given.  Hence,  if  the 
sine  and  co-sine  of  the  greater  latitude  be  each  aug- 
mented in  the  subtriplicate  ratio  of  the  measure  of  the 
degree  in  the  greater  latitude  to  that  in  the  less,  then 
the  difference  of  the  squares  of  the  augmented  sine^ 
^d  the  sine  of  the  less  latitude,  will  be  to  the  differ* 
ence  of  the  squares  of  the  co-sine  of  the  less  lati* 
tude  and  the  augmented  co-sine,  in  the  duplicate  ra* 
tio  of  the  longer  to  the  shorter  diameter.  For 
C  g  being  taken  in  C  Q^  equal  to  C  R,  and  y  i> 
drawn  parallel  to  Q^V;  Cv  and  yv,  CZ  and 
Z  R,  will  be  the  sines  and  co-sines  of  the  respective 
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latitudes  tothesame  radius ;  and  C  V,  V  Q,  wlllbe  the 
augmentations  of  C  t?  and  r  q  in  the  ratio  named.  .  •  • 
Then,  if  an  angle  be  taken,  the  tangent  of  which  shall 
be  to  the  tangent  of  either  latitude,  as  the  less  axis 
to  the  greater,  the  measure  of  a  degree  in  that  lati- 
tude will  be  to  the  measure  of  a  degree  at  the  equa- 
tor (Art.  1 6.)  in  the  triplicate  ratio  of  the  co-si^<jof 
this  angle  to  the  co-sine  of  the  latitude.  Thus,  £ 
being  one  of  the  places  measured,  the  tangent  of  the 
angle  YC  /  will  be  to  the  tangent  of  Y  C  Q,  the  la- 
titude of  the  point  E,  as  Y  /  to  Y  C^  that  is,  as  the  less 
axis  to  the  greater ;  and  C  C^:  C  /  :  :  sine  C  /  Y  ; 
sine  COY  ::  co-sine  / C Y : co-sine  QjCYj  CQs 
being  to  C  /  3  (G  P^)  as  the  radius  of  curvature  in  E  to 
the  radius  of  curvature  in  A ;  that  is,  as  the  mea* 
sure  of  a  degree  in  E,  to  the  measure  of  a  de- 
gree in  A:  and  thus,  not  only  the  ratio  of  the 
diameters,  but  their  real  lengths  may  be  deducedl 
from  any  two  measurements  given. 

The  same  ratio  is  also  deduced  from  the  experi- 
ments on  pendulums,  provided  it  be  allowed  that  the 
earth  be  a  true  spheroid,  which  can  only  take  place 
in  the  case  of  a  uniform  gravity  in  all  parts  of  the 
earth.  However,  we  may  now  look  upon  the  dimen- 
sions and  shape  of  the  earth  as  knorum ;  since  they 
are  determined  with  an  accuracy  amply  sufficient  for 
all  pf  actical  purposes  in  either  Navigation  or  Astro- 
nomy *• 

♦  After  the  greater  part  of  this  treatise  was  written,  the  author 
perused  the  learned  Bishop  lionkys  EUwentary  Treat ufg  on  the 
fimdamaital  Principles  of  Mathematics :  at  the  end  of  thefe  Irea- 
tiscs,  there  is  a  fniall  tract  on  The  Figure  of' the  Earth  as  deducible from 
Ohercation ,  where  the  general  problem  (on  the  fupposition  that  the 
earth  is  a  fphcroid),  together  with  some  subordinate  problems  hav- 
ing a  dcpendcnoe  upon  the  fame  principle,  have  received  a  com- 
plete discussion.  Other  ingenious  discussiuns  on  the  figure  of  the 
earth  may  be  found  in  De  l/i  Ijandes  Astronomy,  tom.  iii.  p.  8  j-^ 
126,  and  is  the  Abridgement  of  the  Phil,  Trans,  vol.  vi.  p.  363,  &c# 
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CHAPTER   IL 


ExplaJiation  of  Terms  relating  to  fome  imaginary 
Points^  Lilies^  and  Circles^  on  the  Earthy  and  in 
the  Heavens^ 


Art.  11.  SINCE  the  figure  of  the  earth  varies 
so  little  from  that  of  a  sphere,  it  is  usual  in  the 
greater  part  of  the  enquiries  and  calculations  of  As-, 
stronomers  to  proceed  as  though  it  w^re  a  sphere  in 
reality ;  and,  since  to  an  observer  on  the  earth  the 
heavens  appear  as  a  very  large  concave  sphere,  every 
part  of  which  is  equidistant  from  him,  it  has  beei^ 
found  expedient  to  imagine  various  lines  and  cir- 
cles to  be  described  upon  the  earth,  and  the  planes 
of  several  of  them  to  be  extended  every  way  until 
they  mark  lines  and  circles,  similar  and  concentric  to 
themselves,  upon  the  imaginary  concave  sphere  of 
the  heavens.  Some  of  these  circles,  &c.  it  is  our 
business  now  to  explain. 

IS.  The  section  which  is  made  on  a  sphere  by  a 
plane  passing  through  the  centre  is  called  a  great 
circle  of  the  sphere  ;  if  the  plane  do  not  pass  through 
the  centre,  the  section  is  called  a  less  circle  :  hence,  a 
great  circle  is  that  which  divides  the  sphere  into  two 
equal  parts  ;  and  a  less  circle  that  which  divides  the 
sphere  into  two  unequal  parts. 

1 S.  Those  two  points  on  the  surface  of  a  sphere  which 
are  equidistant  from  every  part  of  the  circumference 
of  one  of  its  great  circles,  are  called  the  poles  of 
that  great  circle ;  and  if  the  sphere  be  cut  by  a  secr 
tion  passing  through  these  poles^  it  will  form  another 
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^eat  circle,  forming  what  is  called  a  secondary  to 
the  former  great  circle. 

14.  The  a.vis  of  the  earth  is  an  imaginary  line, 
passing  through  the  centre,  about  which  it  is  sup- 
posed ^Art.  390.)  to  revolve. 

\5.  The  extremities  of  this  axis  are  called  the  poles 
of  the  earth,  or  the  poles  of  the  equator  (Art.  16.). 

1 6.  That  great  circle,  the  poles  of  which  (Art.  13.) 
are  the  poles  of  the  earth,  is  called  the  equator :  or 
the  equator  is  the  circumference  of  an  imaginary 
great  circle,  perpendicular  to  the  axis,  and  at  equal 
distances  from  the  poles. 

1 7.  If  the  axis  of  the  earth  be  supposed  produced 
both  ways  as  far  as  the  apparent  concave  surface  of 
the  heavens,  it  is  then  called  the  axis  of  the  heavens  ; 
its  extremities  are  called  the  poles  of  the  heaxens ; 
and  the  circumference  formed  by  extending  the  plane 
of  the  equator  to  the  same  concave  surface  is  callecf 
the  equator  in  the  heavens^  or  the  equinoctiaL 

1 8.  A  secondary  to  the  equator  drawn  through 
any  place  on  the  earth,  and  consequently  through  ;he 
poles  (Art.  13.),  is  the  vicrldian  of  that  place  :  and, 
as  it  passes  through  the  poles,  which  are  called  fiortk 
and  south  respectively,  every  meridian  is  a  7iortk 
and  south  line. 

ly.  The  latitude  of  any  place  upon  the  surface  of 
the  earth  is  its  distance  from  the  equator,  measured 
on  an  arc  of  the  meridian  passing  through  it.  A 
less  circle  passing  through  any  place  parallel  to  the 
equator,  is  called  a  parallel  q)  latitude :  hence  all 
places  lying  on  the  same  parallel  of  latitude  have 
the  same  latitude.  If  the  place  lie  between  the 
equator  and  the  north  pole  it  has  north  latitude ;  if 
it  be  toward  the  south  pole,  it  has  south  latitude. 

20.  All  places  that  lie  under  the  same  meridian 
have  the  same  longitude ;  and  all  places  which  lie  un- 
der different  meridians,  are  said  to  have  different  lon- 
gitude.    The  difference  oj  longitude  between  any  two 
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places^  is  the  distance  of  their  meridians  measured  in 
degrees,  &c.  upon  the  equator.  It  is  usual  for  geo- 
graphers to  pitch  upon  the  meridian  of  some  remarka* 
ble  place  for  the  Jirst  vieridian^  and  to  reckon  the 
longitudes  of  other  places  by  measuring  the  distances 
pi  their  meridians  from  the  first  meridian  on  the 
equator.  If  the  meridian  of  the  place  lie  towards  the 
light-hand  of  the  first  meridian,  the  observer  stand* 
ing  with  his  &ce  towards  the  north,  the  place  is  said  to 
be  in  east  longitude  ;  but  if  the  meridian  is  towards 
the  left  hand,  the  place  is  in  xvest  longitude.  For 
a  considerable  time  the  first  meridian  was  made  to 
pass  through  Teyierilfe,  one  of  the  Canary  Isles  ;  be- 
ing the  most  western  part  of  the  earth  then  discovered, 
from  which  all  other  places  were  estimated  in  east 
longitude.  But  it  is  customary  now  for  the  first  me- 
ridian to  be  reckoned  by  every  geographer,  as  passing 
flirough  the  respective  metropolis  of  his  native  coun- 
try ;  thus,  in  England  the  first  meridian  is  made  to 
pass  through  London,  or  rather  the  Royal  Observatory 
%t  Greenwich. 

2  i .  The  horizon  is  either  sensible  or  rational :  the 
^nsible  horizon  is  a  circle,  the  plane  of  which  is  sup- 
posed to  touch  the  spherical  surface  of  the  earth,  in 
the  place  of  the  spectator  whose  horizon  it  is,  and  ii 
extended  to  the  heavens ;  the  rational  horizon  is  a 
circle,  whose  plane  passes  through  the  centre  of  the 
earth,  parallel  to  the  plane  of  the  sensible  horizon, 
and  is  also  continued  to  the  heavens.  The  earth  is  so 
small  in  comparison  of  the  immense  largeness  of  the 
apparent  heavens,  that  the  planes  of  the  sensible  and 
rational  horizons  are,  in  many  astronomical  enqui- 
ries, supposed  to  coincide,  without  producing  any  ma^ 
terial  error. 

21?.  Great  circles  which  are  drawn  as  secondaries 
to  the  rational  horizon,  are  called  vertical  circles^  and 
serve  to  measure  the  altitude  or  depression  of  any  ce- 
lestial object 
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53.  The  two  points  where  all  the  vertical  cirdcs 
which  can  be  drawn  to  any  rational  horizon  meet,  are 
called,  the  one  above  the  spectator,  the  Zenith^  and 
that  >»  hich  is  below  him,  the  Nadir.  Corre^xmdiiig 
to  the  Nadir  on  the  imaginary  celestial  sphere,  is  th« 
Antipode  on  the  earth. 

54.  These  definitions  and  remarks  may  be  illus^ 
trated  by  referring  to  fig.  3,  PL  I.  where  p  e  p  a  pre^ 
presents  a  vertical  section  of  the  globe  of  the  earth,  and 
PEP  OP  a  section  of  the  concave  sphere  of  the  hea^ 
vens.  The  axis  of  the  earth  is  denoted  by  the  line  p  />, 
whose  extremes  are  the  poles  of  the  earth ;  and  the 
axis  of  the  heavens  is  P  P,  whose  extremes  are  its  poies. 
The  circle  eqh  the  eqnator,  and  the  circle  E  Qj,  cor- 
responding to  it  in  me  heavens,  is  the  equinoctiaL  ' 
If  S  be  the  place  of  a  spectator,  pSpqis  the  meridian 
-of  that  place ;  or  P  Z  P  Q,  the  same  circle  continued  tQ 
the  heavens,  is  the  meridian  of  that  place,  and  pSp  q 
on  the  earth  is  a  circle  of  longitude^  In  like  manner, 
POP,  PUP,  are  meridians;  and  p op^  pup^  circles 
of  longitude.  The  latitude  of  the  place  S,  is  measured 
by  the  arc  e  S,  its  distance  from  the  equator :  S  tn 
and  n  A  are  parallels  of  latitude ;  all  the  places  which 
lie  on  either  of  them  have  the  same  latitude.  The 
sensible  horizon  is  the  circle,  the  diameter  of  which, 
is  A  r ;  it  touches  the  earth  in  the  place  S  of  the 
spectator :  the  circle  whose  diameter  is  H  R,  passing 
through  th^  centre  of  the  earth  parallel  to  the  former, 
18  the  rational  horizon.  Z  is  the  zenith,  or  point  over 
the  head  of  the  spectator ;  N  the  nadir,  or  point  vmder 
his  feet:  ZHN,  ZVN,  &c.  are  vertical  circles: 
and  A  is  the  place  on  the  earth  diametrically  oppo^ 

'lite  to  the  spectator,  or  his  antipode. 

9,5.  The  altitude  of  one  pole,  or  the  depression  of 
the  other,  at  the  rational  horizon  of  any  place  on  the 
earth's  surface,  is  equal  to  the  latitude  of  that  plaee. 
For  the  latitude  of  the  place  S  is  measured  by  the  arc 
r  S|  or  the  arc  £  Z  containing  an  equal  nun^ber  of  de^ 
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grecs  :  but  P  R  or  H  P  is  the  arc  of  altitude  or  de- 
pression of  the  poles  ;  and  because  HZ,  H  N,  Z  R^ 
and  E  P,  are  arcs  of  90°  each,  if  from  either  of  these 
be  taken  Z  P  or  P  N,  we  have  the  remainders  P  R^ 
£  Z,  and  H  P,  equal  to  each  other. 

SJ6\  The  elevation  of  the  equator  at  any  place  is 
equal  to  the  complement  of  the  latitude  of  that  place. 
,  For,  by  the  last  article,  H  P  is  equal  to  E  Z  the  lati* 
tudej  and  since  PE  is  an  arc  of  90**,  EH  is  the 
complement  of  H  P ;  that  is,  the  elevation  of  the 
equator  is  equal  to  the  complement  of  the  latitude. 
The  young  astronomer  will  do  well  to  remember  this 
article  and  the  last,  as  they  will  be  often  of  advantage 
in  subsequent  parts  of  this  work. 


•*.* 
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CHAPTER   III. 


On  the  apparent  Motion  of  the  heavenly/  Bodies^  par- 
ticularljf  of  the  Sun  ;  the  Ecliptic;  Cause  ojSea^ 
sons  ;  Length  of  the  Year;  and  Precession  of  the 
Equinoxes. 


Art.  27.  A  PERSON  who  observes  the  heavens 
with  a  tolerable  degree  of  attention,  will  soon  perr 
cdve  that  all  the  heavenly  bodies,  the  sun,  moon, 
and  stars,  appear  to  move  round  the  earth,  in  circles 
parallel  to  the  equinoctial,  once  in  the  compass  of 
about  twenty-four  hours  :  and  though,  as  will  be 
shewn  hereafter  (Art.  205.  &c.),  these  apparent  mo- 
tions are  almost  entirely  to  be  accounted  for  by  the 
real  motions  of  the  earth  ;  yet  it  will  enable  us  to 
proceed  with  more  ease  and  regularity,  if  we,  for 
the  present,  consider  the  various  heavenly  bodies  to 
be  really  moving  round  the  earth,  in  the  manner 
they  appear  to  do.  It  will  not  be  long  before  the 
observer  discovers  that  by  far  the  greater  number  of 
^em  never  change  their  relative  situations,  each  (so 
Song  as  the  observer  keeps  in  the  same  place)  rising 
d  setting  at  the  same  interval  of  time,  and  at  the 
ame  points  of  the  horizon  j  these  are,  therefore, 
ailed  Jiscd  stars  ;  but  that  a  few  other  stars,  called 
danets,  are  constantly  changing  their  situations,  each 
ontinually  rismg  and  setting  at  diflPerent  points  of  the 
orizon,  and  at  varying  intervals  of  time  j — ^this  is 
J  so  the  case  with  the  sun  and  vioon. 

28.  if  the  observer  were  at  one  of  the  poles  of 
e  earth;  he  would  have  the  celestial  pole  corre- 
^X^nding  thereto  in  his  zenith,  the  other  in  his  nadir ; 

c 
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the  equinoctial  would  coincide  with  his  horizon,  and 
all  the  heavenly  bodies,  moving  in  circles  parallel  to 
the  equinoctical,  would  appear  to  him  neither  to  rise 
nor  set.  This  will  be  elucidated  by  referring  to 
fig.  4,  PI.  I.  and  is  called  a  parallel  sphere^  because 
the  diurnal  motion  of  all  the  bodies  is  parallel  to  the 
horizon. 

29.  Were  the  observer  situated  on  the  equator ; 
both  the  celestial  poles  would  be  in  his  horizon,  and 
the  equinoctial  would  then  be  perpendicular  to  the 
horizon  ;  consequently  the  circles  a  a^  b  /;,  x  .r,  &c. 
(fig.  5,  PI.  I.)  in  which  the  heavenly  bodies  move, 
are  perpendicular  to  the  horizon.  The  bodies  rise  at 
right  angles  to  the  horizon,  move  gradually  to  the 
meridian,  and  spend  each  as  much  time  in  descending 
to  the  horizon  as  they  did  in  passing  from  it  to  the 
meridian  :  they  also  set  at  right  angles  to  the  horizon. 
Hence  this  situation  is  called  a  nglit  sphere. 

yo.  If  the  observer  be  placed  any-where  between 
the  equator  and  the  poles ;  then  the  celestial  equator 
cuts  his  horizon  obliquely,  and  all  the  heavenly 
bodies  rise,  set,  and  perform  their  diurnal  motion^ 
obliquely :  this  is  therefore  called  an  oblique  sphere : 
see  fig.  6,  PI.  I.  Here  the  paths  of  some  of  the  ce- 
lestial bodies  are  entirely  above  the  horizon,  as  cc ; 
others  are  entirely  below  it,  as  z  z ;  and  others  are 
partly  above  and  partly  below  it,  as  b  by  aoj  tu^  yy. 
With  regard  to  those  which  cut  the  horizon,  it  is 
observed  that  they  take  just  the  same  interval  to  rise 
from  the  horizon  to  the  meridian,  as  to  pass  from  the 
meridian  to  the  horizon  again. 

31.  The  largest  parallel  which  appeared  entire 
above  the  horizon  of  any  place  in  north  latitude, 
was  by  the  ancient  astronomers  called  the  arctic  circle 
of  that  place  ;  between  this  circle  and  the  north  pole 
are  comprehended  all  the  stars  which  never  set  in  that 
place,  and  are  called  drcinnpolur  stars  ;  the  largest 
parallel  which  was  entirely  hid  below  the  horizon  o£ 


To  find  a  Meri^n  Line.  1 9 

diat  place  was  called  the  antarctic  circle ;  between 
this  and  the  south  pole  are  comprehended  all  the  stars 
which  never  rise  at  that  place.  But  by  the  modems 
the  former  of  these  circles  is  called  the  circle  oi  per- 
petual  apparition^  and  the  latter  the  circle  of  perpe-- 
tual  occultation.  The  names  of  arctic  and  antarctic 
are  now  applied  to  two  circles,  which  are  described 
at  about  23*^.28'  from  the  north  and  south  poles 
respedively. 

32.  Since  the  sun,  stars,  &c.  are  observed  to.be 
on  the  meridian  at  half'  the  interval  during  which 
they  appear  above  the  horizon,  or  very  nearly  so  j 
and  since  it  was  alfo  remarked,  that  each  of  them 
was  at  its  greatest  altitude  when  on  the  meridian^  it 
was  natural  to  conclude  that  one  of  the  best  methods 
of  determining  the  situation  of  any  of  them,  was  to 
mark  the  tiine  when  it  came  to  the  meridian,  and  to 
measure  its  altitudt  at  that  time.  This  method  we 
shall  proceed  to  exemplify  ;  but  it  is  previously  ne- 
cessary to  point  out  how  to  find  a  meridian  line,  which 
may  be  done  as  below. 

33.  On  the  supposition  that  the  sun  is  at  equal 
distances  from  the  meridian,  and  at  equal  altitudes, 
when  it  is  equal  times  before  and  after  the  meridian — 
a  supposition  which,  though  not  strictly  true  (as  will 
soon  appear),  is  yet  sufficiently  accurate  for  our  pre- 
sent purpose — ^a  meridian  line  may  be  found  thus  : 
On  an  horizontal  plane  describe  three  or  four  concen- 
trie  circles,  as  E,  G,  H,  fig.  8,  PI.  I.  and  in  the 
common  centre  fix  perpendicularly  a  wire  C  B,  hav» 
ing  a  well-defined  point.  When  the  sun  shines  in 
the  morning,  observe  where  the  shadow  of  the  top  of 
the  wire,  as  C  D,  touches  one  of  the  circles ;  and  in 
the  afternoon  mind  where  the  extremity  of  the 
shadow  C  F  just  touches  the  same  circle :  then 
through  the  centre  C  draw  the  line  C  E,  bisecting 
the  arc  DF,  and  CE  will  be  a  meridian,  as  re- 
quired.    If  the  same  be  done  with  as  many  of  the 
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circles  as  the  shining  of  the  sun  will  admit  of,  and  thi 
mean  of  all  the  bisecting  lines  C  £  be  chosen  as  a 
meridian,  there  will  be  no  doubt  of  its  accuracy^ 
particularly  if  the  observations  be  made  about  Mid* 
summer,  which  is  the  best  time. 

34.  After  a  meridian  line  is  thus  found,  another 
parallel  to  it  may  be  readily  drawn  at  any  convenient 
distance  :  the  method  is  this  :  Hang  a  thread  and 
plummet  exactly  over  the  south  end  of  the  known 
meridian  line,  and  let  another  thread  and  plummet 
be  hung  over  the  south  end  of  the  plane  upon  which 
a  meridian  is  to  be  drawn  ;  then  let  a  person  observd 
when  the  shadow  of  the  thread  falls  on  the  given 
meridian,  and  iuuiiediately  give  a  signal  to  another 
person,  who  must  at  that  moment  mark  two  points 
on  the  shadow  of  the  second  thread,  through  which 
two  points  the  new  meridian  must  be  described.  Tht 
same  thing  might  be  accomplished  by  other  methods ; 
but  this  is  probably  the  most  accurate. 

35.  The  most  simple  method  of  finding  the  sun*M 
altitude^  when  on  the  meridian,  is  that  which  was 
practised  by  the  ancients  :  they  erected  an  upright 
{»llar  at  the  south  end  of  a  meridian  line,  and  when 
the  shadow  of  it  exactly  coincided  with  that  line^ 
they  accurately  measured  the  shadow's  length,  and 
then,  knowing  the  height  of  the  pillar,  they  found, 
by  an  easy  operation  in  plane  trigonometry,  the  alti» 
tude  of  the  sun's  upper  limb  :  whence,  after  allowing 
for  the  apparent  semidiameter,  the  altitude  of  tht 
sun'is  centre  was  known. 

36\  But  the  methods  now  adopted  are  much  mort 
accurate.  In  a  known  latitude,  a  large  astronomical 
quadrant,  of  6,  8,  or  lo  feet  radius,  is  fixed  truljr 
upon  the  meridian  ;  the  limb  of  this  quadrant  is  di- 
vided into  minutes,  and  smaller  subdivisions,  by  meaDi 
of  a  vernier  \  and  it  is  furnished  with  a  telescope 
(having  cross  hairs,  &c.)  turning  properly  upon  the 
centre.    J3y  this  instrument  the  dtitude  of  the  sun'i 
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cmtre  is  vary  carefully  measured,  and  the  proper  de- 
ductions are  made  for  refraction  and  parallax  ('Art. 
94*  and  8o.). 

37.  With  an  instxument  such  as  just  mentioned 
we  may  ascertain  the  apparent  motion  of  the  sun  in 
die  following  manner  :  our  observations  niust  be 
begun  when  the  sun  is  known  to  be  in  the  equinoc- 
tial, that  is  (Art.  26.)  when  the  altitude  of  his  centre 
while  on  the  meridian  is  equal  to  the  complement 
of  the  latitude  ;  the  time  when  this  is  tlie  case,  is 
about  the  20th  of  March.  On  this  day  we  must  note 
some  fixed  star  which  comes  to  the  meridian  exactly 
tt  the  same  time  as  the  sun  does  ;  for  the  stars  may 
be  seen  in  the  day-time  with  an  astronomical  teles- 
cope  :  on  the  following  day,  both  the  altitude  of  the 
sun,  and  the  situation  of  the  stars  when  the  sun  is  on 
the  meridian,  must  be  observed  ;  the  svm's  meridian 
altitude  will  be  about  23^  40^^^  greater  than  on  the 
former  day,  and  the  star  will  be  found  on  the  meri- 
dian about  ;^°*  39*  in  time  before  the  sun.  Make 
similar  observations  for  a  few  days,  and  it  will  be 
found  at  the  end  of  a  week,  that  the  sun's  meridian 
altitude  will  be  increased  2°  46',  and  the  star  will  be 
on  the  meridian  25™  26'  in  time  before  the  sun,  or 
it  will  be  6°  2 1  {'  westward  of  the  meridian  when  the 
jun  is  upon  it.  During  this  period  of  seven  days, 
therefore,  the  sun  has  been  moving  apparently  to- 
wards the  east,  and  has  increased  his  altitude  by  re- 
gular gradations  :  and  because  the  motions  of  all  the 
heavenly  bodies  appear  to  be  performed  in  circles,  or 
nearly  so,  let  us  suppose  the  sun's  apparent  motion 
to  be  in  a  circle  crossing  the  equinoctial,  at  an  angle 
which  the  above  observations  will  assist  us  in  deter- 
mining. In  fig.  9,  Pi.  I.  let  E  Q  represent  a  portion 
of  the  equinoctial,  OS  the  mendian  on  which  the 
sun  is,  QS  his  altitiicle  above  the  equinoctial,  E  the 
place  of  the  star,  and  E  S  part  of  the  apparent  path 
pf  the  sun  :  then,  in  the  spherical  triangle  £  C^S, 
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right-angled  at  0,  there  are  given  EOr:  6^  aii', 
and  ()S  =  2**  4&J  to  find  the  angle  E.  By  the 
rules  oT  spherical  trigonometry,  we  have,  tangt.  of 

J,  _  fangt.  of  S  (^  _    •04«3a50    =  -4364479     =x     tangt.     of 
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23®  34'  43^'',  the  angle  E  required. 

38.  To  determine  how  far  the  conclusion,  arrived 
at  in  the  last  article,  may  be  relied  upon,  we  must 
carefully  measure  the  meridian  altitude  of  the  sun 
when  it  is  at  the  greatest,  about  Midsunmier,  and  we 
shall  find  it  to  exceed  the  complement  of  the  latitude 
by  23**  28'  very  nearly  :  this  diflfers  less  than  7'  from 
the  result  in  the  last  article,  and  the  difierence  arises 
from  the  observations  not  having  been  extended  to 
a  sufficient  period  after  the  day  when  the  sun  was  ia 
the  equinoctial.  For  if  the  calculation  had  been 
made  with  the  sun's  increased  altitude,  and  his  dis- 
tance from  the  fixed  star,  as  found  on  the  twentieth 
day,  instead  of  the  seventh,  the  angle  E,  as  resultini 
from  the  calculation,  would  have  exactly  agreed  witl 
the  observations  when  the  sun's  meridian  altitude  was 
at  the  greatest. 

39.  The  situation  of  the  circle,  in  which  the  sun's 
apparent  motion  is  performed,  being  thus  ascertained, 
we  may  now,  with  propriety,  explain  several  terms 
immediately  connected  with  it. 

40.  The  circle  itself  in  which  the  sun  appears  to 
move,  is  called  the  ecliptic  ;  the  angle  E  in  which  it 
crosses  the  equinoctial,  the  obliquiii/  of  the  eclipticf, 

*  The  obliquity  of  the  ecliptic  is  not  always  equal  to  23*28*. 
According  to  the  observations  of  Pytbeai  at  Marseilles,  which  were 
made  rather  more  than  300  years  before  the  Christian  sera,  the 
obliquity  was  then  23 ^^  49^'.  jilhategnius ,  about  the  year  880, 
found  it  to  be  23**  35',  or,  by  correcting  for  parallax  and  refraction, 
»3®  35'  40'.  Al/meon,  the  son  of  Almansor  the  Arabian,  made  it 
^3*^  33'  30'  ^^  1  »40-  Tycho  Brabe,  in  i  J87,  found  it  to  be  23® 
2^  30'.  Mr.  Flamstceii,  in  1689,  23^  28' 56".  Cmuiamine,  at 
Quito,  in  1736,  made  it  23 ^^  28'  24".  Dr.  Ma^kelyne,  in  1769, 
determined  it  at  23*^  28'  10".  By  a  comparison  with  the  most 
early  and  accurate  observations^  it  appears  that  the  diminution  of 
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and  the  two  points  where  it  intersects  that  circle,  the 
equinoxes. 

41.  A  portion  of  the  heavens  about  \6  degrees 
in  breadth,  through  the  middle  of  which  passes  the 
sun  in  the  ecliptic,  is  called  the  zodiac.  Within 
this  portion,  or  zone,  all  the  planets  perform  their 
motions  ;  as  will  be  shewn  hereafter. 

42.  The  distance  of  the  sun,  or  any  of  the  heavenly 
bodies,  from  the  equator,  measured  on  an  arc  of  the 
meridian,  is  called  the  declination  :  if  the  body  is 
situated  between  the  equator  and  the  north  pole,  it 
has  north  declination  ;  if  toward  the  south  pole,  the 
declination  is  .south.  The  declinations  of  the  fixed 
stars  are  between  o®  and  90''  ;  but  the  greatest  decli- 
nation of  the  sun  is  about  23*^  28'  (Art.  38.  . 

43.  Secondaries  (Art.  13.)  to  the  celestial  equator, 
are  called  circles  of  accUttatian  :  of  these,  twenty- 
four,  which  divide  the  equator  into  equal  parts,  of  1 5** 
each,  are  called  hour  circles  ;  because  the  sun  in  his 
apparent  diurnal  motion,  passing  over  360®  of  a  circle 
parallel  to  the  equator,  goes  through  -r^th  of  it,  or 
15®,  in  the  space  of  an  hour. 

44.  The  right  ascension  of  a  body,  is  the  arc  of 
the  equinoctial.  Intercepted  between  one  of  the  equi- 
noxes, called  the  first  point  of  aries  (Art.  45.  )5  ^^^  ^ 
declination  circle  passing  through  the  body  ;  it  is 
measured  according  to  the  order  of  the  sun's  apparent 
motion,  and  is  called  right  ascension,  because  in 
a  right  sphere  the  declination  circle  which  passes 
through  the  body  ascends  above  the  horizon,  at  the 
same  moment  the  body  does.  The  oblique  ascension 
is  an  arc  of  the  equator,  intercepted  between  the  first 
point  of  aries,  and  that  point  of  the  equator  which 

the  obliquity,  is  at  about  tlie  rate  cf  50'  in  a  century,  or  half  a  se- 
cond in  a  year.  This  agrees  nearly  wilh  the  best  observations  of 
astronomers  of  all  ages  -,  and  is  perfectly  consistent  with  the  most 
satisfactory  methods  of  accounting  for  the  motions  and  mutuai 
effects  of  the  heavenly  bodies  upon  each  other. 
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rises  with  any  body  in  an  oblique  sphere.  The  dif- 
ference between  the  right  and  oblique  ascension  is 
called  the  ascensional  d^erence. 

45.  The  ecliptic  is  supposed  to  be  divided  into 
twelve  signs,  reckoning  according  to  the  order  of 
the  sun's  motion ;  they  are  generally  called  signs  of 
the  zodiac  J  and  each  of  them  is  divided  into  30%  &c* 
The  signs,  beginning  at  the  equinox,  where  the  sun  in- 
tersects and  rises  above  the  equator,  have  these  names* 

*  Several  of  the  Greek  and  Roman  poets  gave  ingenious  and  en* 
tertaining,  though  wild  and  romantic,  fables,  respecting  the  origin 
of  the  signs ;  but,  instead  of  repeating  them,  we  shall  here  mention  it 
as  a  very  probable  conjecture,  that  the  figures  and  names  of  the  sigoi 
are  descripti  ve  of  the  seasons  of  the  year  or  months  in  the  sun's  path, 
ThuSfthe  first  sign  aries  (the  ram)  denotes,  that  about  the  time  when 
the  sun  enters  that  part  of  the  ecliptic, the  lambs  begin^o  follow  the 
sheep :  the  sun's  approach  to  the  second  sign  taurus  (the  bull)  is 
about  the  time  of  the  cows  bringing  forth  their  youn^.  The  tldrd 
sign,  now  gemini,  was  originally  two  kids,  and  signified  the  time 
of  the  goats  bringing  forth  their  young,  which  are  usually  two  at  a 
birth,  while  the  former,  the  sheep  and  cow,  commonly  produce 
only  one.  The  fourth  sign  cancer  (the  crab),  an  animsu  that  goes 
sideways  and  backwards,  was  placed  at  the  point  where  the  sun 
begins  to  return  back  from  the  north  to  the  southward.  The 
fifth  sign  leo  (the  lion)  being  a  very  furious  animal,  was  thought 
to  denote  the  heat  and  fury  of  the  burning  sun  when  he  has  quitted 
cancer.  The  succeeding  sign  received  the  sun  at  the  time  of  ri« 
pening  corn  and  approaching  harvest,  which  was  aptlv  exprestby 
one  of  the  female  reapers  with  corn  in  her  hand,  viz.  virgo  the 
maid.  The  ancients  gave  to*  the  next  sign  scorpio,  two  of  the 
twelve  divisions  of  the  zodiac.  Autumn  which  affords  fruits  in 
great  abundance,  affords  also  the  means  and  causes  of  diseases, 
and  the  succeeding  time  is  the  most  unheahhy  part  of  the  year  ; 
expressed  by  this  venomous  animal,  here  spreadmg  out  his  long 
claws  into  the  one  sigUf  as  threatening  mischief,  and  in  the  other 
brandishing  his  tail,  to  denote  the  completion  of  it.  The  fall  of 
the  leaf  was  the  season  of  the  ancient  hunting ;  for  which  reason 
the  sun's  place  at  this  time  was  designated,  by  the  sign  Sagittarius^ 
a  huntsman  with  his  arrows  and  club^  the  weapons  of  destruction 
for  the  large  creatures  he  pursued.  The  reason  of  capricornus, 
the  wild  goat,  being  chosen  to  mark  the  point  where  tne  sun  has 
attained  his  extreme  limit  to  the  south,  and  begins  to  mount  again 
to  the  north,  is  obvious  enough  ;  it  being  the  nature  of  that  ani« 
mal  to  be  mostly  climbing,  and  ascending  some  mountain  as  It 
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andmarks^  aries  "v*,  taurus  b,  geminl  n,  cancer  ^^ 
leo  A,  virgo  ^,  libra  ^j  scorpio  ^i,  Sagittarius  /, 
capricomus  b*,  aquarius  ^,  pisces  K.  Of  these  signs, 
the  first  six  are  called  northern^  lying  on  the  north 
side  of  the  equator  ;  the  last  six  are  called  southern^ 
being  situated  to  the  south  of  the  equator.  The  signs 
from  capricomus  to  gemini  are  called  a.scendiug,  the 
sun  approaching  or  rising  to  the  north  pole  while  it 
passes  through  them ;  and  the  signs  from  cancer  to 
Sagittarius  are  called  descending^  the  sun,  as  it  moves 
through  them,  receding  or  descending  from  the  north 
pole. 

46.  The  lojigitude  of  any  of  the  heavenly  bodies 
is  an  arc  of  the  ecliptic  contained  between  the  first 
|>oint  of  aries,  and  a  secondary  to  the  ecliptic  or  circ/e 
of  latitude^  passing  through  the  body ;  it  is  always 
measured  according  to  the  order  of  the  signs.  If  the 
body  be  supposed  seen  from  the  centre  of  the  earth, 
it  is  called  geocentric  longitude  ;  but  if  it  be  supposed 
seen  from  the  centre  of  the  sun,  then  is  the  longitude 
heliocentric. 

47.  The  latitude  of  a  heavenly  body  is  its  distance 
from  the  ecliptic,  measured  upon  a  secondary  to  the 
ecliptic  drawn  through  the  body.  If  the  latitude  be 
such  as  is  seen  from  the  earth's  centre,  it  is  called 
geocentric  latitude ;  but  if  it  be  supposed  seen  from 
the  centre  of  the  sun,  it  is  lieUocentric. 

48.  The  tropics  are  two  circles  parallel  to  the  equi- 
noctial, and  touching  the  ecliptic  ;  that  which  touches 
the  ecliptic  at  the  beginning  of  cancer,  is  called  the  tro- 
pic of  cancer ;  the  other,  touching  it  at  the  beginning 

browzes.  As  to  the  origin  of  aquarius,  the  winter  bcino;  a  wet, 
uncomfortable  season,  was  well  expressed  by  ib^  figure  of  a  man 
pouring  out  water  from  an  urn.  The  last  of  the  bigns  is  pisces,  a 
couple  of  fishes  tied  together;  the  application  aj)pcared  to  be  this: 
the  severe  season  is  over,  your  flocks  do  not  ytt  yield  their  store, 
bat  the  seas  and  rivers  are  open,  and  there  you  may  takt  h^h  in 
abundance. 

Hn/ton^j  Math,  and  Phil.  Diet,  Art.  Constellation*. 


f  (>    Explanation  of  Ternxs.-^Days  and  Nights* 

of  Capricorn,  is  called  the  tropic  of  capricom.  When 
the  sun  is  in  either  of  the  points  where  a  tropic  touches 
the  ecliptic,  he  is  said  to  be  in  one  of  the  solstices^ 
because  he  then  appears  at  a  stand  with  regard  to  his 
declination.  The  sun  is  in  the  solstices  on  June  2 1, 
and  December  2 1 . 

4J?»  Colures  are  two  secondaries  to  the  equinoctial : 
one,  passing  through  the  equinoctial  points  ;  viz. 
the  points  where  the  ecliptic  crosses  the  equator),  is 
called  the  equinoctial  colure ;  the  other,  passing 
through  the  solstices,  is  called  the  solsticial  colure. 

50.  That  vertical  circle  (Art.  22.)  which  intersects 
the  meridian  of  any  place  at  right  angles,  is  called  the 
prime  vertical;  and  the  points  where  it  cuts  the  hori- 
zon, are  the  east  and  west  points.  These  points  are 
each  90"^  distant  from  the  north  and  south ;  and  all 
four  are  called  cardinal  points* 

5 1 .  When  any  heavenly^  body  is  referred  to  the  ho- 
rizon by  a  secondary  thereto,  the  distance  of  this 
secondary  (on  the  horizon)  from  the  north  or  south 
points,  is  the  azimuth  of  the  body  y  the  distance  from 
the  east  or  west  points  is  the  amplitude. 

5^2.  Having  ascertained  the  situation  of  the  circle 
in  which  the  sun's  annual  motion  appears  to  be  per- 
formed, and  explained  the  necessary  terms,  we  may 
5)roceed  to  shew  the  reason  of  the  variation  of  the 
ength  of  days  atjd  nights^  and  the  change  of  the 
seasons  :  in  order  to  which,  we  refer  to  fig.  7,  PL  I. 
where  is  represented  the  position  of  the  chief  circles, 
with  respect  to  Z,  the  zenith  of  a  spectator  in  north 
latitude  :  E  (^denotes  the  equator,  N  and  S  the  north 
and  south  poles,  JE  C  the  ecliptic  crossing  the  equator 
at  an  angle  of  23°  28'  (Art.  38.);  a  A,  r  R,  &c.  paral- 
lel circles,  in  which  the  heavenly  bodies  perform  their 
diurnal  motions  ;  H  R  the  horizon,  N  E  S  O  the  mc* 
ridian,  and  Z  O  A  perpendicular  thereto  the  prime 
vertical ;  R  will  be  the  north  point  of  the  horizon,  H 
the  south,  and  O  will  represent  the  east  or  west,  ac- 
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cording  as  the  eastern  or  western  hemisphere  is  repre- 
sented by  the  diagram.  Now,  when  the  sun  is  on  the 
equator  in  March  (Art.  73.)  he  performs  his  diurnal 
motion  in  the  equator  E  C^,  and  comes  to  the  hori- 
zon in  O  the  east  point ;  and  as  thfe  equator  is  bisected 
by  the  horizon,  and  the  sun's  apparent  diurnal  motion 
is  nearly  uniform,  he  will  set  in  the  west  point,  and 
will  be  as  long  below  the  horizon  as  above  it,  making 
the  days  and  nights  equal ;  this  is  called  the  vernal 
equina  J.  As  the  sun's  declination  increases  to  the 
northward,  in  his  passage  from  the  vernal  equinox 
to  the  summer  solstice,  a  variation  will  take  place  in 
his  diurnal  motion;  this  may  be  illustrated  by  ima- 
gining the  sun's  declination  to  be  E  ^,  his  place  in 
the  ecliptic  to  be  zi\  and  a  b  the  parallel  which  he  de- 
scribes that  day.  Then  will  he  come  to  the  horizon 
at  the  point  0,  between  the  north  and  the  east ;  when 
he  arrrives  at  i  it  will  be  six  o'clock,  being  half  way 
between  a  and  b  his  situations  at  noon  and  midnight; 
at  e  he  will  be  on  the  prime  vertical,  or  in  the  east ; 
at  a  he  will  be  on  the  meridian  ;  afterwards  he  will 
proceed  in  a  contrary  order  along  the  western  hemi- 
sphere, and  will  set  between  the  west  and  the  north. 
In  this  situation,  the  arc  oa^  occupied  by  the  sun  in 
passing  from  the  horizon  to  the  meridian,  called  the 
semidninuU  arr,  being  greater  than  /  a^  the  half  of 
Q  bj  requires  more  than  six  hours  to  pass  through  it, 
and  consequently  the  day  is  more  than  twelve  hours 
long.  The  days  will  continue  lengthening,  and  the 
sun  rising  and  setting  nearer  the  north  point,  as  he 
approaches  towards  the  point  M^  where  the  north  de- 
clination is  the  greatest ;  and  then  the  sun's  diurnal  mo- 
tion will  be  described  in  the  tropic  of  cancer,  the  days 
will  be  at  the  longest,  the  nights  shortest,  and  this  will 
be  the  summer  s(7istit'c.  From  this  period  the  sun's  de- 
clination will  be  decreasing,andthedays  decreasing  also, 
until  the  sun  arrives  at  the  equator,  being  the  first  point 
of  libra  j  then  will  the  length  of  the  day  and  night  be 
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again  equals  and  the  sun  will  rise  and  set  in  the  east 
and  west:  this  is  called  the  autumnal  equinox,  beiiig 
about  the  2^d  of  September.  After  this  time  the 
declination  of  the  sun  will  become  southerly,  and  the 
days  will  decrease  in  length,  which,  with  other  attend* 
ing  circumstances,  may  be  thus  explained :  Imagine 
m  to  be  the  sun's  place  in  the  ecliptic,  and  c  d  the  pa- 
rallel he  describes.  Then  he  arrives  at  7i  on  the  prime 
vertical  before  he  gets  above  the  horizon,  and  conse- 
quently can  never  be  seen  to  shine  from  the  east  or 
west  while  his  declination  is  south ;  nor  can  he,  since 
ti  is  below  the  horizon^  for  a  similar  reason,  rise 
till  after  six  o'clock,  during  the  same  period  :  he  rises 
at  s  between  the  east  and  the  south,  and  after  pro* 
ceeding  gradually  to  the  meridian,  declines  as  uni- 
formly, and  sets  between  the  south  and  the  west. 
Here  the  semidiurnal  arc  c  s  being  less  than  c  u,  the 
half  of  cd  is  passed  over  by  the  sun  in  less  than  six 
hours,  and  consequently  the  day  is  less  than  twelve 
hours  in  length.  The  days  will  continue  to  decrease 
until  the  sun  has  reached  C,  the  greatest  declination 
south,  when  his  diurnal  motion  will  be  described  in 
the  tropic  of  capricom :  he  will  then  rise  and  set  at 
the  farthest  from  the  east  and  west  towards  the  south, 
the  day  will  be  at  the  shortest,  the  night  the  longest,  and 
this  will  be  the  winter  solstice.  The  sun's  south  de- 
clination will  be  decreasing,  and  the  days  lengthening, 
from  this  time  till  he  again  arrives  at  the  equator, 
which  will  be  at  the  vernal  equinox :  after  which 
the  seasons  will  continue  gradually  following  each 
other,  in  beautiful  harmony,  in  the  manner  here 
described  •. 


*  It  may  be  proper  to  observe^  that  the  different  degrees  of  heat 
in  summer  and  m  winter,  do  not  arise,  entirely,  from  ths  different 
times  which  the  sun  is  above  the  horizon.  The  direction  and  force 
of  the  solar  rays  have  also  considerable  influence.  During  the 
short  days,  the  effect  of  tlie  sun  is  less,  both  with  respect  to  the 
intensity  oif  the  rays,  their  direction,  and  the  time  of  their  conti- 
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55.  The  change  of  seasons  to  an  inhabitant  of  any 
place  in  south  latitude,  might  be  elucidated  in  a  simi- 
lar manner ;.  and  it  would  appear  that,  to  such  a  per« 
mh,  the  seasons  would  be  just  opposite  to  ours :  that 
Uj  his  summer  would  be  our  winter,  his  autumn  our 
spring,  and  vice  versa.  An  inhabitant  of  the  equator 
has  die  days  and  nights  all  of  equal  length :  but  at 
both  the  times  when  the  sun  is  in  the  equinox  he  will 
have  summer ;  for  the  sun  will  then  be  in  his  zenith 
at  noon :  and  at  both  the  solstices  he  will  have  winter; 
for  then  the  sun  at  noon  declines  23**  28'  from  his  ze- 
nith :  which  must  be  too  evident  to  need  farther  illus- 
tration. 

54.  Since  the  regular  return  of  the  seasons  is  inti- 
miEttely  connected  with  the  length  of'  the  year^  it  will 
be  proper,  previous  to  concluding  this  chapter,  to 
point  out  a  few  methods  by  which  the  precise  length 
ef  the  year  may  be  learnt.  Astronomers  consider  the 
year  under  two  distinctions :  first,  the  tropical  or  so- 
lar year^  properly  so  called,  is  the  exact  space  of  time 
in  which  the  sun  moves  through  the  twelve  signs  of 
the  ecliptic ;  and  secondly,  the  .sidereal  or  astral  i/car^ 
being  the  time  occupied  by  the  sun  in  passing  from  any 
fixed  star  till  his  return  to  it  again.  The  changes 
of  seasons  depending  on  the  first  of  these,  the  tropi- 
cal year,  we  will  first  describe  the  manner  in  which 
its  length  may  be  determined.     The  latitude  of  the 

nuance.:  and  durine  the  long  days  it  is  greater  in  all  these  respects. 
It  may  be  remarked  too,  that  the  severest  frosts  usually  take  place 
after  the  days  have  begun  to  lengthen  5  and  the  most  oppressive 
heat  prevails  when  the  days  are  decreasing :  the  reason  of  which  is, 
that  during  the  summer  months,  the  earth  having  imbibed  more 
heat  than  it  gave  out,  is  not  exhausted  of  its  superabundant  warmth 
till  towards  the  close  of  the  year :  in  like  manner,  on  account  of 
the  waste  of  the  earth's  heat  being  greater  in  winter  than  its  supply, 
it  continues  to  get  colder  and  colder  till  a  month  or  longer  after  the 
winter  solstice.  From  a  similar  cause  arises  the  difference  between 
the  spring  and  autumn  ;  thougli  the  position  of  the  sun^  in  respect 
«f  the  cairth,  m  in  both  the  same. 
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place  being  known,  and  consequendy  the  elevation  of 
the  equator  (Art.  26.),  observe  carefully  the  sun's  me- 
ridian altitude  when  he  is  nearest  the  equator  (at 
either  the  vernal  or  autumnal  equinox);  and  if  the  ob- 
served meridian  altitude  on  any  day  is  exactly  equal 
to  the  complement  of  the  latitude,  that  day  at  noon  is 
the  exact  time  of  the  equinox.  But  as  it  is  not  very 
probable  that  the  sun  should  be  on  the  equator  pre- 
cisely at  noon,  take  the  meridian  altitude  one  day 
when  it  is  less  than  the  co-latitude,  and  on  the  follow- 
ing day  when  it  is  greater ;  then  say,  as  the  sum  of 
the  defect  aftd  excess  of  these  two  meridian  altitudes 
(when  taken  from,  and  added  to,  the  co-latitude)  : 
the  distance  in  time  between  the  observations : :  the 
defect  :  the  time  to  be  added  to  the  first  observation, 
for  the  true  time  of  the  equinox.  After  the  same 
manner,  may  the  time  of  the  next  vernal  or  autumnal 
equinox  be  found :  the  difference  between  these  times 
will  be  the  length  of  the  year.  In  order  to  arrive  at 
the  greatest  accuracy,  it  will  be  adviseable  to  take  two 
such  equinoxes  as  are  at  the  distance  of  several  years 
from  each  other  :  for  then,  whatever  errors  may  at- 
tend the  observations,  by  being  divided  into  many 
parts,  they  will  become  in  a  manner  insensible. 

55.  j\L  Cas-s'ini  has  given  the  following  method 
of  finding  the  length  of  the  tropical  year :  Observe 
the  meridian  altitude  (a)  of  the  sun  on  the  day 
nearest  to  an  equinox :  then  the  next  year  take  its 
meridian  altitude  on  two  succeeding  days,  one  when 
the  altitude  (in)  is  less  than  a^  and  the  next  when  the 
altitude  (n)  is  greater  than  u,  and  // — m  is  the  change 
in  the  sun's  declination  in  twenty-four  hours :  hence, 
as  the  declination  near  the  equinoxes  changes  uni- 
formly, we  have  n — m  :  a — /;/  : :  24  hours  :  the 
interval  from  the  first  of  the  two  days,  till  the  time 
when  the  sun's  declination  is  the  same  as  at  the  ob- 
servation the  year  before.  This  fourth  term,  there- 
fore, being  added  to  the  number  of  days  between. 
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the  first  two  observations,  gives  the  length  of  the 
year  required.  If  there  be  an  interval  of  several 
years  before  the  second  observation  is  made,  and  the 
interval  between  the  times  when  the  declinations  were 
the  same  be  divided  by  the  number  of  years,  the 
year's  length  will  be  determined  more  exactly. 

For  example,  on  March  20,  1672,  AL  Cassini^s 
father  observed  the  meridian  altitude  of  the  sun's 
upper  limb,  at  the  royal  observatory  at  Paris,  to  be 
41*^  43' ;  and  on  March  20^  1716,  Cassini  himself 
found  the  meridian  altitude  of  the  upper  limb  to  be 
41®  27'  10%  and  on  the  21st  to  be  41**  51'.    The  dif- 
ference between  the  two  latter  altitudes  is  23'  50^^, 
and  between  the  two  former  15'  ^o^.    Therefore, 
by  the  rule,  23'  50^  :  15'  50'''' : :  24  hours  :  15^  ^6^^ 
39*.     Hence,  on  March  20,  1716,  at  15**  56*  39% 
the  declination  of  the  sun  was  the  same  as  on  March 
20,  1672,  at  noon.     Now  the  interval  between  the 
first  two  observations  was  44  common  years,  of  which 
14  consisted  of  365  days  each,  and  10  of  366 ;  there- 
fore the  interval  in  days  was  1 6070,  and  the  whole 
period  between  the  equal  declinations  was  16070  days, 
j^h  ^gm  29»:  this  divided  by  44  gives  365^  5*^  49°* 
d*  53^  for  the  tropical  year.     This  is  called  by  some 
authors  the  apparent  solar  year :  they  apply  a  minute 
correction,  which  depends  upon  the  motion  of  what  is 
called  the  sim's  apogee  (Art.  297.),  and  thus  get  365' 
5*^  48™  49%  for  the  length  of  a  inean  solar  year. 

.56.  To  find  the  length  of  a  sidereal  year^  i\I.  Cas- 
sini presents  us  with  this  rule :  Take  the  time  ft)  of 
a  fixed  star's  transit  over  the  meridian  by  a  clock  ad« 
justed  to  mean  solar  time ;  the  year  following  observe 
the  time  again  on  two  days,  one  (^m)  when  the  star 
passes  the  meridian  bcjorc^  and  the  other  (n)  after 
the  time  t ;  then,  vi — ;/ :  m — /  : :  twenty-four  hours, 
or  more  accurately  23**  56^"  4%  the  length  of  a  sidereal 
day  (Art.  114.):  the  time  from  m  till  the  difference 
between  the  star's  and  sun's  right  ascension  was  the 
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same  as  at  the  first  observation :  the  interval  of  these 
two  times  is  the  sidereal  year. 

In  the  present  problem,  as  well  as  in  the  former,  it 
is  best  to  take  an  interval  of  several  years  :  by  apply- 
ing the  rule  to  some  observations  which  were  made  at 
the  distance  of  nearly  one  hundred  years,  the  length 
of  the  sidereal  year  is  now  set  down  at  365^  6^  9" 

57*  From  comparing  the  results  of  the  last  two 
articles,  it  appears  that  the  sun  returns  to  the 
equinox  every  year  before  it  returns  to  the  same 
point  of  the  heavens ;  and  consequently,  the  equi- 
noctial points  have  a  retrograde  motion:  this  mo- 
tion, though  very  small  in  a  year  or  two,  would  in 
the  compass  of  a  few  centuries  amount  to  something 
considerable.  It  therefore  did  not  escape  the  notice 
of  the  early  astronomers,  although  their  observations 
were  very  inaccurate  in  comparison  with  those  of  the 
modems  :  it  is  called  the  precession  of  the  ccjuinoxes. 
H'lpparchus  was,  we  believe,  the  first  person  who 
noticed  this  motion  ;  and,  by  comparing  his  own  ob- 
servations with  some  that  were  made  about  155  years 
previous  to  his,  he  judged  the  motion  to  be  nearly  i* 
in  100  years.  The  observations  of  /I Ihatcgni us  in 
the  year  878,  compared  with  those  of  1738,  give 
5 1^  g^""^  for  the  annual  precession.  Jf.  dc  la  Caille^s 
observations, compared  with  those  given  by  Flamsteed^ 
determine  the  precession  in  an  1 00  years,  or  the  scck* 
lar  precessioffj  to  be  i*^  23^45'''',  and  the  anmuil  pre^- 
cession  504^.  Thus  is  this  motion  determined  to  as 
great  accuracy  as  miy  reasonably  be  expected  ;  some 
of  its  effects  will  naturally  fall  under  our  consideration 
in  the  next  chapter. 


(     33     ) 


CHAPTER    IV. 


On  determining  the  relative  Situations  of  thejixed 
Stars;  with  Remarks  on  their  Appearances,  the 
ConJiellationSy  l^c. 


Art.  58*  THOSE  stars  which  when  seen  either 
by  the  naked  eye,  or  by  means  of  telescopes,  keep 
constantly  in  the  same  situation  with  respect  to  one 
another,  are  called  jived  stars^  as  has  been  already 
mentioned  (Art.  27.).  If  we  contemplate  any  num* 
ber  of  such  stars,  which  to  our  view  form  a  triangle, 
a  trapezium,  or  any  other  figure,  regular  or  irre* 
gular ;  since  those  stars  have  continued  in  the  same 
relative  situation  ever  since  we  have  observed  them^ 
and  have  appeared  to  astronomers  in  the  same  situa- 
tion with  respect  to  each  other  as  long  back  as  the  re- 
cords of  authentic  history  will  carry  us,  namely,  for 
some  thousands  of  years ;  we  may  fairly  conclude 
from  analogy,  that  they  have  appeared  very  nearly 
as  they  now  do  ever  since  the  creation  of  the  earth, 
and  will  probably  continue  to  appear  so  as  long  as 
the  earth  shall  endure.  Some  few  particular  changes 
must  be  taken  as  exceptions  from  this  general  in- 
ference. 

.59.  The  fixed  stars  appear  to  us  oi  different  inag^ 
^'itudes :  this  may  arise  either  from  their  different 
Sizes,  or  from  their  unequal  distances  from  us ;  or 
^  some  instances  both  these. causes  may  combine  to 
J^ake  the  apparent  difference.  However,  be  this  as 
*t  -will,  astronomers  have  from  their  apparent  magni- 
^^cJes  distinguished  the  stars  into  six  orders  or  classes: 
^^  first  contains  those  of  the  largest  apparent  size, 
^^^  second  those  which  appear  next  in  bigness,  and 

u 
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80  on,  till  we  come  to  stars  of  the  sia^th  magnitude^ 
among  which  last  class  are  all  those  that  can  just  be 
seen  without  telescopes :  those  which  are  only  seen 
with  telescopes  are  called  telescopic  stars.    Now  al- 
though this  distribution  of  the  stars  is  generally  re- 
ceived, it  is  not  to  be  imagined  that  all  the  stars  of 
each  class  are  exactly  of  the  same  apparent  size ;  for 
there  is  almost  an  innumerable  difference  either  in 
respect  of  apparent  magnitude,  colour,  or  brilliancy; 
and  in  some  of  these  respects  many  of  the  stars  ap- 
pear to  undergo  changes,  so  that  the  same  star  may 
be  reckoned  by  some  astronomers  in  the  first  class, 
while  others  estimate  it  as  belonging  to  the  second 
or  third.     But  the  general  divisions  may  be  looked 
upon  as  usually  adhered  to,  since  the  deviations  from 
them  are  but  few. 

6*0.  But,  leaving  what  else  is  proper  to  remark 
respecting  their  magnitudes  and  changes  to  a  sub- 
sequent article  (Art.  683.  kc.\  we  will  now  proceed 
to  shew  the  methods  of  determining  the  places  of  arw  of 
them,  with  respect  to  the  most  important  circles  ot  the 
sphere  :  for  the  accurate  determination  of  the  placet 
of  the  fixed  stars  will  be  of  considerable  utility  in 
enabling  us  to  ascertain  the  places  of  the  planets,  &c. 
by  means  of  their  apparent  distances  from  any  of 
those  stars  whose  situations  are  known. 

6*1.  The   declination  of  any  star  may  be  easily 
found  by  observing  the  following  rule  :   Take  the 
meridian  altitude  of  the  star,  at  any  place  where  the 
latitude  is   known ;  the  complement  of  this  is  the 
zcjtff/i  diatoiicc^  and  is  called  north  or  south,  as  the 
star  is  north   of  south  at  the  time  of  observation. 
Theu,    I.  When  the  latitude  of  the  place  and  zenith 
distance  of  the  star  are  of  different  kinds,  namely, 
one  north   and    the   other  south,    their  dif/treftce 
will  be  the  declination ;  and  it  is  of  the  same  kind 
with  the  latitude,  when  that  is  the  greatest  of  the 
two,  otherwise  it  is  of  the  contrary  kind.     at.  If 
the  latitude  and  the  zenith  distance  are  of  the  same 
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kmdj  L  e.  both  north,  or  both  south,  their  sum  is 
the  declinaticm ;  and  it  is  of  the  same  kind  with  the 
latitude. 

To  prove  the  truth  of  this  rule,  turn  to  fig.  7,  PI.  L 
where  Z  is  the  zenith  of  the  place,  E  (^  the  equi- 
noctial, and  £  Z  the  latitude,  i.  Let  r  represent  the 
place  of  a  star  on  the  meridian,  and  Z  r  the  zenith 
distance,  the  latitude  being  greater;  then,  £r(the 
declination)  will  be  equal  to  £  Z  — *  Z  r  (the  zenith 
distance):  again,  let  c  be  the  place  of  a  star  in 
the  meridian,  when  the  zenith  distance  exceeds  the 
latitude ;  then  £  c  (the  declination)  =  Z  c  (the  ze- 
nith distance)  -*--  £  Z  (the  latitude).  And  it  is  ma^ 
nifest,  that  in  the  former  instance  Z  and  r  are  on  the 
same  side  of  the  equinoctial ;  and  that  in  the  latter 
case  Z  and  c  are  on  contrary  sides,  adly.  Let  y  be 
the  place  of  a  star  on  the  meridian,  having  its  ze- 
nith distance  Z  j/  of  the  same  kind  with  £  Z  the  htU 
tude  of  the  place  :  then  E  y  (the  declination)  zr  E  Z 
+  Z  j/ ;  and  the  declination  is  of  the  same  kind  as  the 
latitude,  because  Z  and  y  are  on  the  same  side  of  the 
equinoctial.     (^  E.  D. 

For  an  example^  suppose  that  in  north  latitude  52^ 
15',  the  meridian  altitude  of  a  star  is  51''  28'  on  the 
south  J  then  38°  32'  the  zenith  distance,  being  taken 
from  52°  15^  the  latitude,  leaves  13**  43'  for  the 
declination  of  the  star  north. 

62.  Having,  by  means  like  the  above,  found  the 
declination  of  a  star,  it  becomes  requisite,  in  the  next 
place,  to  know  the  right  ascension  (Art.  44.),  as  its 
situation  with  regard  to  the  equator  will  then  be 
known.  Now  the  right  ascension  being  estimated 
from  the  point  where  the  equator  and  ecliptic  inter- 
sect each  other  in  the  spring,  a  point  which  is 
marked  out  by  nothing  that  comes  under  the  cogni- 
zance of  our  senses ;  some  phaenomenon,  therefore, 
must  be  chosen,  whose  right  ascension  is  either  given, 
or  may  be  readily  known,  at  any  time  that  the 
right  ascensions  of  other  objects  may  be  discovered 
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by  comparison  with  it.  For  this  purpose  nothing 
appears  so  proper  as  the  sun ;  because  its  motion  is 
the  most  sunple,  and  its  right  ascension  quickly 
found. 

63.  For  if,  in  fig.  9,  PI.  I.  we  have  given  (^S  the 
declination  of  the  sun  (which  may  be  easily  taken 
every  day  at  noon  by  observation),  and  the  angle 
S  E  Qjhe  obliquity  ot  the  ecliptic — ^i.  e.  one  leg  of  a 
right-angled  spherical  triangle,  and  its  opposite  angle, 
to  find  the  adjacent  leg  E  O,  the  right  ascension — ^it 
may  be  done  by  this  proportion ;  as  the  tangent  of  the 
obliquity  of  the  ecliptic  :  the  tangent  of  the  declina- 
tion :  :  radius  :  the  sine  of  the  right  ascension  rec- 
koned from  the  nearer  equinoctial  point. 

For  iwampley  suppose  on  the  1 3th  of  February, 
the  sun's  south  declination  is  found  to  be  13^  24^  and 
the  obliquity  of  the  ecliptic  is  23°  28';  we  shall  thus 
find  the  sun's  right  ascension : 

As  tangt.  23^  28'  9*6376106 
To  tangt.  13^  24'  9*3770030 
So  is  radius  •  •  •        lo'ooooooo 


To  sine  33^  \&  58^     973939^4 

Here  33**  i&  58''''  is  the  sun's  distance  from  T ;  but 
as  the  declination  is  at  that  time  decreasing,  and  the  sun 
approaching  T,  this  must  be  taken  from  360®,  and 
the  remainder  326°  43'  2^^  is  the  right  ascension. 

In  a  similar  manner  may  the  sun's  right  ascension 
be  calculated  for  every  day  at  noon,  and  arranged  in 
tables  for  use :  for  any  intermediate  time  between  one 
day  at  noon  and  the  following,  the  right  ascension 
may  be  determined  by  proportion. 

The  longitude  E  S  of  the  sun,  when  required, 
may  be  readily  found  by  the  rules  to  ascertain  the 
hypothenuse  of  the  same  triangle. 

64.  The  apparent  diurnal  motion  of  the  heavenly 
bodies  being  uniform,  and  performed  in  circles  pa- 
rallel to  the  equator,  the  interval  of  the  times  in 
which  tw9  stars  pass  over,  any  meridian  must  bear  the 
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same  proportion  to  the  period  of  the  diurnal  motion, 
as  that  arc  of  the  equator  intercepted  between  the 
two  secondaries  passing  through  the  stars,  does  to 
360®,  as  is  evident  from  the  nature  of  the  sphere : 
we  may  therefore  find  the  right  ascension  of  a 
star  thus:  Let  an  accurate  pendulum  clock  be  so 
regulated  that  the  index  may  pass  over  the  twenty-four 
hours  during  the  time  in  which  any  fixed  star  after 
departing  from  the  merTdian  will  return  to  it  again, 
which  is  rather  less  than  twenty  four  hours.  Then 
let  the  index  of  a  clock  thus  regulated  be  set  to 
twelve  o'clock  when  the  sun  is  on  the  meridian ;  and 
observe  the  time  the  index  points  to,  when  the  fixed 
star  whose  right  ascension  is  soCight  comes  to  the 
meridian ;  which  may  be  most  accurately  known  by 
means  of  a  transit  telescope.  Let  these  hours  and 
parts,  as  marked  by  the  clock,  be  converted  into  de- 
grees, &c.  of  the  equator,  by  allowing  15^  to  an 
hour  |^4nd  the  difference  between  the  right  ascensions 
of  the  fixed  star  and  the  sun  will  be  known  :  this  dif- 
ference added  to  the  sun's  right  ascension  for  that 
day  at  noon,  gives  the  right  ascension  of  the  fixed  star 
sought. 

Or,  if  a  clock  whose  dial  plate  is  divided  into 
360%  instead  of  tv/elve  hours,  be  ordered  in  such  a 
manner,  that  the  index  may  pass  round  the  whole 
circle  in  the  interval  which  a  star  requires  to  come  to 
the  same  meridian  again,  and  another  index  be  so 
managed  as  to  point  out  the  sexagesimal  parts :  then, 
when  the  sun  is  on  the  meridian,  let  the  indices  of 
the  clock  be  put  to  his  right  ascension  at  noon  that 
day;  and  when  the  ftar  comes  to  the  meridian,  its 
right  ascension  will  be  shewn  by  the  clock,  without 
any  kind  of  reduction. 

65.  The  equator  being  the  principal  circle  which  re- 
spects the  earth,  the  latitudes  and  longitudes  of  terres- 
trial objects  are  referred  to  it ;  and,  for  a  similar  rei;son 
(the  sun's  motion  in  the  ecliptic  rendering  that  thcprin- 
cipal  of  the  celestial  circles),  the  situations  of  heavenly 
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objects  are  generally  ascertained  by  their  latitudes  and 
longitudes  referred  to  the  ecliptic :  it  is  therefore  be- 
come a  useful  problem  tojind  the  latitudes  and  lon^ 
gitudes  of  the  starSy  &;c*  /laving  their  declinations, 
and  right  ascensionsy  with  the  obliquity  of  the  eclip" 
tiCy  given*  One  of  the  best  methods  of  performing 
this  problem  has  been  thus  investigated :  Let  S  be 
the  place  of  the  body  (fig,  1 1 ,  PL  I.),  E  C  the 
ecliptic,  E  Q^  the  equator ;  and  S  L  and  S  R  being 
respectively  perpendicular  to  EC  and  EQ^  Ek 
will  represent  the  right  ascension,  S  R  the  declination, 
EL  the  longitude,  and  SL  the  latitude;  then,  by 
spherics,  rad.  :  sine  E  R  :  :  ^-tang.  S  R  :  co-tang. 
SER;  and  SE  R+CEQ=:SE  L.  Also,  co-sine 
S  E  R  :  rad.  :  :  tang.  E  R  :  tang.  E  S ;  and  rad. 
:  co-sine  S  E  L  : :  tang.  E  S  :  tang.  E  L ;  therefore, 
co-sine  SER:  co^sine  S  E  L  : :  tang.  E  R  :  tang. 

__  ,  ,,,  co-sin.  SELxtang.  £R 

E  L  J  whence  we  readily  get, co-sine  SER ** 

the  tangent  of  E  L,  the  longitude.  Then,  rad.  :  suic 
of  E  L  : :  tang.  S  E  L  :  tang.  S  L,  the  latitude. 

66.  But  the  same  thing  may  be  performed  very  ex- 
peditiously by  means  of  the  following  excellent  rule, 
given  by  Dr.  Maskelyney  the  present  worthy  Astro- 
nomer Royal  : 

].  The  sine  of  the  right  ascension  +  co-tang,  dc* 
clination  —  1 0=  co-tang,  of  arc  A,  which  call  north, 
or  souths  according  as  the  declination  is  noi^th  or 
south,  a.  Call  the  obliquity  of  the  ecliptic  south  in 
the  six  first  signs  of  right  ascension,  and  north  in  the 
six  last.  Let  the  sum  of  arc  A,  and  obliquity  of 
ecliptic,  according  to  their  titles,  =  arc  B  with  its  pro* 
per  title.  [If  one  be  north  and  the  other  souths  the 
proper  title  is  that  which  belongs  to  the  greater  j  and 
in  this  case,  arc  B  is  their  difference.]]  3.  The  arith- 
metical  complement  of  co-sine  arc  A+  co-sine  arc  Bx 
tang,  right  ascension  =  tangent  of  the  longitude : 
this  is  of  the  same  kind  as  the  right  ascension,  imless 
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arcBbe  more  than  90%  when  the  quantity  found  of  the 
same  kind  as  the  right  ascension  must  be  subtracted 
from  12  signs,  or  360**.  4.  The  sine  of  longitude  ^ 
tang,  arc  B— 10=  tang,  of  the  required  latitude j  of 
the  same  title  as  arc  B.  Note,  If  the  longitude  be 
found  near  o®  or  near  1 80®,  for  the  sine  of  longitude, 
in  the  last  operation,  substitute  tang,  longitude  +  co- 
sine longitude  — ro  ;  and  then  the  last  operation  will 
be  tang,  longitude  +  co-sine,  longitude  +  tang,  arc  B 
-^ao=  tang,  latitude.  By  sine,  tang.  &c.  are  meant 
logarithm  sine,  log.  tang.  &c. 

This  rule  may  be  exemplified  by  enquiring  what 
are  the  latitude  and  longitude  of  a  star  whose  de- 
clination is  12**  59'  north,  and  right  ascension  4' 
29**  38',  the  obliquity  of  the  ecliptic  being  23*  28'? 

Here,  sine  of  right  ascension  4*  29**  38'        9'7037486 
Co-tang,  of  declination       1259       1 06372 1 26 

Co-tang,  of  arc  A,  north  24    31      10*34069612 
Obliquity  of  ecIiptic,south  23    28 

Arc  B,  north         -         -   '      3  ^^^  9*9999^71 
Arith.comp.  of  co-sine  arc  A  0*0410347 

Tangent  of  right  ascension  97^78344 

Tangent  of  longitude  147^  13'  26"        9*8087962 

Or  4»  27^  13'  26",  answering  to  27^  13'  26"  of  Leo. 

Then,  sine  of  longitude  -  -  9*7334^43 

Tangent  of  arc  B  -  -  8-2631153 

Tang,  of  latitude,  north,  34' 6"  79965996 

67.  By  the  method  just  described  the  longitude 
and  latitude  of  any  heavenly  body  may  be  learnt, 
after  the  right  ascension  and  declination  are  care- 
fully ascertained ;  either  according  to  the  mode  here 
pointed  out,  or  in  other  ways  made  use  of  by  prac- 
tical astronomers :  but  it  may  frequently  happen 
that  the  longitudes  and  latitudes  of  ftars,  &c.  may 
be  required,  when  there  are  no  opportunities  of  find- 
ing their  right  ascensions  and  declihations.    In  these 
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cases,  if  we  know  the  accurate  situations  of  a  cer^ 
tain  number  of  the  most  noted  fixed  stars,  we  may 
find  the  place  of  any  star  by  measuring  its  distance 
from  any  two  stars  whose  positions  are  determined. 
Thus,  in  fig.  I  o,  PL  I.  let  E  C  represent  the  eclip- 
tic, and  P  its  pole  ;  A  and  B  two  stars  whose  lati- 
tudes and  longitudes  are  given,  and  S  the  star  whose 
latitude  and  longitude  are  required.  Let  the  circles  * 
of  latitude  PE,  PD,  and  P  C,  be  drawn;  then  the 
arc  E  C  measures  the  angle  E  P  C,  the  diflPerencc 
of  the  given  longitudes.  In  the  triangle  APB, 
the  sides  A  P,  B  P,  the  co-latitudes,  being  given,  and 
the  included  angle  P,  we  thence  find  A  B,  and  the 
angle  A  B  P.  Then,  in  the  triangle  A  S  B  are  given 
all  the  sides  (viz.  AS  and  SB  the  two  distances 
from  the  known  stars,  and  A  B  just  found),  to  find 
the  angle  A  B  S,  which  taken  from  A  B  P  leaves 
S  B  P.  Lastly,  in  the  triangle  S  B  P,  two  sides,  S  B, 
B  P,  are  known,  together  with  their  included  angle 
S  B P ;  whence  we  find  PS  and  S  P B.  The  com- 
plement  of  P  S  is  D  S,  the  latitude  of  the  star ;  and 
the  angle  B  P  S  is  the  difference  of  longitude  of  the 
stars  B  and  S ;  this  difference  is  to  be  added  to  the  lon< 
gitude  of  the  star  B,  if  S  be  to  the  east  of  it,  or  sub- 
tracted, if  S  be  to  the  west ;  the  sum  or  diflference  will 
be  the  longitude  of  S  required.  The  solutions  of  other 
cases  of  this  problem,  according  to  the  different  posi- 
tions of  B  and  S  with  respect  to  A,  may  be  readily 
traced  out  in  a  similar  manner. 

Or,  if  the  situations  of  A  and  B,  with  regard  to 
any  other  circle,  the  equator  for  inftance,  were 
known ;  that  is,  if  their  right  ascensions  and  decli- 
nations were  given,  together  with  the  distance  of  a 
third  from  both;  the  right  ascension  and  declina- 
tion of  the  third  star  would  be  found  by  the  same 
kind  of  operation. 

68.  As  it  would  be  absolutely  impossible  to  fur- 
nish  names  for  all  the  fixed  stars  (or  even  for  sucU 
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as  are  visible  to  the  naked  eye),  and  retain  those 
names  in  the  memory;  it  became  necessary  not 
only  to  ascertain  their  exact  relative  situations,  but 
to  invent  some  method  by  which  the  principal  part  of 
the  stars  which  can  be  seen  may  be  known,  without 
having  a  separate  name  for  each.  The  ancients  ac- 
complished this  by  portioning  out  the  firmament  into 
imaginary  figures  of  birds,  beasts,  fishes,  &c.  called 
asterisnis  or  constellations ;  and  then  pointing  out  the 
place  of  the  star  by  its  place  in  the  constellation ;  as 
the  buir.s  eye,  the  lion's  heart,  the  dog's  nose,  &c. 
This  division  of  the  heavens  into  constellations  is 
obviously  very  ancient ;  for  some  of  them  are  men- 
tioned by  the  oldest  heathen  poets,  HesioJ  and  Ho* 
merj  both  of  whom  probably  flourished  nearly 
I  GOO  years  before  Jesus  Christ.  Arctunfx,  Orion ^ 
and  the  Pleiades-,  are  mentioned  twice  in  tiie  book  of 
Job^:  and  in  the  prophecy  of  Jmox,  composed  about 
800  years  before  the  christian  sera,  we  fmd  the  fol- 
lowing sublime  exhortation :— — "  Ye  who  turn 
•*  judgment  into  wormwood,  and  leave  off  righteous- 
^*  ness  in  the  earth,  seek  Him  who  -maketh  the 
*^  seven  stars  and  Orion,  and  turneth  the  shadow  of 
*'  death  into  morning,  and  maketh  the  day  dark 
**  with  night :  that  calleth  for  the  waters  of  the  sea, 
"  and  poureth  them  out  upon  the  face  of  the  earth  : 
"  The  Lord  is  his  name.'*  Here  the  Pleiades  and 
Orion  are  spoken  of  as  well  known,  both  by  Amos, 
who  was  an  herdsman,  and  the  common  people,  to 
whom  this  prophecy  was  addressed :  and  consequently 
the  invention  of  constellations  was  not  new,  but  had 
been  of  some  standing  at  that  period. 

60.  As  the  knowledge  of  the  stars  became  more 
extensive,  the  number  of  constellations  was  increas- 
ed ;  and  at  the  same  time  more  stars  were  introduced 
into  each  constellation,  as  their  positions  became  as- 
certained. Ptolcmt/  set  down  the  longitudes  and  lati- 
tudes of  rather  more  than  1000  stars ;  such  of  them 
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as  were  not  comprehended  under  any  constellations, 
were  then  called  tnjormes^  aparades,  or  unformed  stars. 
The  modern  astronomers  have  reduced  not  these  m- 
formes  only,  but  many  other  stars,  into  new  figures ; 
and  it  is  -probable  that  other  constellations  will  still 
continue  to  be  invented.     Tycho   Brahe,   a  noble 
Dane,  wa«  the  first  who  determined  with  exactness 
the  situations  of  the  fixed  stars.     After  Tycho,  we 
must  mention  Bayer  as  the  author  of  a  very  consi- 
derable improvement  in  the  catalogues  of  stars.     Be- 
^des  accurately  distinguishing  the  relative  i^ize  and 
sit^iation  of  each  star,  he  marked  the  stars  in  each  con- 
gelation with  the  letters  of  the  Greek  and  Roman 
alphabets,  setting  the  first  Greek  letter  a,  to  the  first  or 
principal  star  in  each  constellation,  |3  to  the  second 
in  order ;  then,  when  the  Greek  alphabet  was  gone 
over,  he  passed  to  //,  /;,  c,  of  the  Roman ;  and  so  on. 
This  useful  method  of  noting  and  describing  the  stars 
has  been  adopted  by  all  astronomers  since  the  time 
of  Bayer ;  and  they  have  farther  enlarged  it,  by  add- 
ing  the  ordinal  numbers   i,    2,    3,  &c.   when  any 
constellation  contains  more  stars  than  can  be  marked 
by  the  two  alphabets.     Besides  these  literal  and  nu- 
meral marks,  many  of  the  stars  have  their  peculiar 
names,   as   Airturus^  Aldebai^an^   Procyou^  Sirius^ 
Capella^  Regulus^  &;c. 

70.  The  Via  lactea.  Galaxy^  or  Milky  U^ay^  may 
also  be  reckoned  under  the  head  of  constellations ; 
for  it  is  now  known  to  be  a  collection  of  innumer- 
able little  fixed  stars,  too  small  to  be  observed  with- 
out telescopes  of  considerable  magnifying  powers. 
This  galaxy  is  a  lightish,  milk-coloured  zone,  vary- 
ing in  breadth  from  4°  to  20°,  or  on  the  average 
about  lo^  It  passes  through  Cassiopeia,  perseus, 
auriga,  the  feet  of  gemini,  orlon^s  club,  part  of  mo- 
noceros,  the  tail  of  canis  major,  through  argo  navis, 
robur  carolinum,  crux,  and  the  feet  of  the  centaur: 
after  which,  it  is  divided  into  two  parts ;  its  eastern 
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part  passes  through  ara,  the  tail  of  scorpio,  the  east* 
em  foot  of  serpentarius,  the  bow  of  Sagittarius^ 
scutum  sobiescianum,  the  feet  of  antinous  and  cyg- 
BUS ;  but  the  western  part  passes  through  the  upper 
part  of  the  tail  of  Scorpio,  the  right  of  serpentariu^ 
and  cygnus,  and  ends  its  course  in  Cassiopeia. 

7 1  •  The  following  tables  exhibit  the  names  of  thf 
constellations,  and  the  number  of  stars  in  each,  in- 
cluding all  those  to  the  sixth  magnitude.  They  also 
contain  the  names  of  some  of  the  most  remarkable 
stars,  standing  against  the  constellations  in  which  they 
are  included. 


I.  Co7isteHations  in  the  Zodiac* 


ComteVxitwM, 

No.  of 
Stars. 

Chief  Stars. 

Aries 

Taurus 

Gemini 

Cancer 

Leo 

Virgo 

Libra 

Scorpio 

Sagittarius 

Capricomus 

Aquarius 

Pisces 

66 
140 

83 
8J 

95 
no 

51 

44 
69 

108 
112 

Aldcbaran                   i 
Castor  and  Pollux    1*2 

Regulus                       I 
Splca  Virginis             i 
Zubtnith  Mali           2 
Antares                       i 

Scheat                         3 

« 
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11.  Comtellatiom  northward  of  the  Zodiac. 


CottsteilatioTU. 

'  No.  of 
Stars, 

Chief  Stars, 

Urea  Minor 

24 

Pole  Star 

2 

-   Ursa  Major 

87 

Dubhe 

I 

Ferseus 

59 

Algenib 

2 

Auriga 

5^ 

Cape  11a 

I 

•  Bootes 

54 

A  returns 

I 

Draco 

60 

Rastaber 

3 

♦  Cepheus 

3S 

Alderamin 

3 

*  Canes    Vcnatici     scil. ) 
Asterian  et  Cbara    J 

^ 

*S 

/ 

■ 

•  CarCaroIi 

3 

•  Triangulum 

10 

Triangulum  minus 

5 

#  Musca 

6 

^ 

♦  Lynx 

44 

*  Leo  Minor 

24 

*  Coma  Berenices 

40 

^  Camelopardalus 

58 

♦  Mens  Menelaus 

II 

Corona  Borealis 

21 

Serpens 

50 

Scutum  Sobieski 

8 

Herculus,  cum   Ramo  7 

Y\                 %   1       *          ■ 

ct  Cerbero                  C 

113 

Has  Algiatha 

3 

♦  Serpentarius,  sive   O-  7 
phiuchus                    3 

67 

Ras  Alhagus 

3 

♦  Taurus  Poniatowski 

1 

1  .YTH 

22 

Vega 

X 

*  \  ulpecula  and  Anscr 

^l 

.    Sagltta 

]8 

Aqnila 

40 

Altair 

I 

Delphiiiws 

18 

*   Cygnus 

73 

Deneb  Adige 

I 

*   Kqu ulcus 

10 

*  Lacdrta 

16 

•  Pegasus 

8.5 

Markab 

2 

*  Andromeda 

(>6 

Almaac 

2 
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///.  Constellations  southward  of  the  Zodiac. 


Cetuteliatiuns, 


Phoenix 

Oflficina  sculptoria 
Eridanus 
Hydrus 
Cetus 

Fornax  Chemica 
Horologium 
Reticulus  Bbomboidalis 
Xiphias 
CeiapraxiteHis 
Lepus 
'  Columba  Noachi 
Orion 

Argo  Navis 
Canifl  Major 

*  Equuleus  Pictorius 

•  Monoceros 
Canis  Minor 
Chameleon 
Pyxis  Nautica 
Piscis  Volans 
Hydra 
Sextant 
Robur  Carolinum 

*  Machina  pneumatica 

*  Crater 

*  Corvus 

*  Crosiers 
Musca 

*  Apis  indica 
**  Circinus 

Centaurus 

Lupas 

Quadra  Eudidis 

Triangulum  australe 

Ara 


No,  of 
Stars, 


13 

12 

76 

10 
80 

H 
12 

10 

7 

16 

19 
10 

78 

SO 
30 

•8 

H 
10 

4 

8 

60 

4 

12 

3 

XI 

9 
6 

4 
II 

4 
36 

24 

12 

5 
9 


Chief  Stars, 


AchfJtnar 
IMenkar 


I 

2 


fietelguesc 

Caiiopiis 

Sirius 


Proc)on 


I 
I 

I 


Cor  Hydrae 


Alkes 
Algorab 


3 

3 
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Conclusion  of  Table  HI. 


Cauteiiatums. 

No.  of 
Star,. 

Chirf  Start. 

*  Corona  Australu 

*  PaTO 
;  Indm 

*  Uctans  Hadleianus 
»  Grus 

'  Toucan 
Piscis  Australb 

9 
'4 

43 
H 
9 

20 

Fomalhaut                   i 

In  theie  tablet,  the  constellations  which  have  the  mark  *  agaiiul 
them,  are  modern  ones,  the  others,  ancient.  The  tigurcs  [>laced 
againit  the  principal  blars  denote  their  magnitudes. 


IV.  Number  of  Stan  of  each  Magnitude. 


In  the  Norther 
In  the  Souther 

n  the  Zodiac     I  a 
n  Hemisphere  jj 
3  Hemisjiherc   4^ 

5th' 

ei. 

«th 

ToUl. 

^  161  44  lao 
6  24j  q;,  iuo 
9  36    84  19c 

.83 
29, 

646 
i'3 

1014 
1351 
863 

;oir6!33!5ii 

f,.r 

■  604. 

it  3a 

72.  It  may  be  asked,  by  what  means  are  we  to  know 
the  stars  and  constellations  in  the  heavens?  In  an- 
twer  to  this  enquiry  various  methods  might  be  point- 
ed out ;  but  perhaps  one  of  the  best  is,  to  fix  a  good 
cdestial  globe,  on  which  the  constellations  and  stars 
are  accurately  depicted,  in  such  a  dlrccuun  that  tbe 
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north,  south,  and  other  points  on  its  horizon,  may 
correspond  with  the  points  of  the  compass  ;  then  by 
the  observer  imagining  himself  at  the  centre  of  the 
globe,  and  supposing  the  lines  of  direction  from 
himself  to  the  various  stars  on  the  surface  extended 
to  the  heavens,  he  might  speedily  find  the  places  of 
most  of  the  stars. 

Or,  to   be  a  little   more  particular,  suppose  he 
would  know  the -stars  in  the  constellation  Taurus  : 
going  out  on  some  fair  night,  and  fixing  the  globe 
near  him,  to  compare  with  the  heavens,  he  would 
readily  find  the  pleiades,  since  they  are  known  to 
every  one  by  the  name  of  the  seven  stars.     Then, 
noticing  the  globe,  he  would  re/nark  a  large   star 
K)mewhat   to   the   left-hand   of  the  pleiades  ;    and 
looking  to  the  firmament,  and  observing  the  same 
position,  he  would   find   this   large   star,  which  i* 
aldebaran,  or  the  bull's  south  eye.     Having  found 
this  large  star,  and  looking  again  to  the  figure  of  the 
constellation,  he  would  see  five  stars  placed  almost 
like  a  roman  V,  one  of  them  being  aldebaran  just 
found  ;  then  directing  his  view  to  the  heavens,  and 
considering  aldebaran  as  one  of  the  tops  of  the  V, 
he  would  behold  the  stars  called  the  hyades.      By 
imagining  lines  diav^n  straight  from  the  bottom  oJ^^ 
the  V  along  each  side,  and  extended  forwards,  they 
would  go  a  little  on  the  outside  of  both  the  north  and 
south   horns   of  the  bull.     If  he  supposed   a   line 
drawn  from  aldebaran  through  the  pleiades,  and  con- 
tinued nearly  double  that  distance  farther,  it  would 
reach    the    triangle    over   the    constellation   aries ; 
whence,  by  referring  to  the  globe,  the  stars  in  that 
constellation  would  soon  be  known.  Or,  by^imagin- 
ing  lines  drawn  from  the  hyades,  by   the  north  and 
south  horns  of  the  bull,  and  continued  about  double 
that  distance,  he  would  perceive  they  included  two 
bright  stars,    called  castor  and   pollux;    and  then 
i»  ioight  soon  learn  the  stars  in  geminL    And  thus 
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he  would  be  able,  by  proceeding  gradually,  to 
learn  the  names  of  the  principal  stars  in  each  con- 
stellation. 

73.  It  must  be  acknowledged  that  there  is  one 
method  preferable  to  the  above,  which  is,  to  have 
a  hollow  globe  constructed  of  a  size  sufficiently  large 
for  observers  to  stand  on  a  frame,  near  its  centre  : 
then,  if  the  stars  and  constellations  were  painted  on 
the  inner  surface,  in  their  proper  situations,  and  the 
globe  turned  on  the  poles,  elevated  according  to  the 
latitude,  the  observers  would  behold  the  motions  and 
aspects  of  the  stars  as  they  really  are  in  the  heavens, 
and  would  sooner  obtain  a  correct  idea  of  the  whole 
than  by  any  other  instrument  we  know,  or  ever  heard 
of.  But  as  a  globe  of  this  kind  could  not  be 
erected  without  considerable  expence  as  well  as  inge- 
nuity, there  will  be  but  few  able  to  learn  the  motion$ 
and  appearances  of  the  heavenly  bodies  by  such 
means*. 

*  Large  astronomical  machines,  on  the  plan  above  recommend- 
ed^ have  been  iradc  at  Gettorp^  at  the  expcncc  of  Vrederick  III, 
duke  if  h  olstein  ;  and  at  Paris,  by  the  direction  of  CarJimal 
d Etrces :  but  these  were  far  inferior  in  size  to  one  erected  at  Fem» 
iroJie-coIUge,  Cambrid^e^  under  the  direction  of  the  late  Dr,  Lmg, 
The  description  of  this  machine  is  here  added  in  the  doctor's  own 
words  : 

"  1  have,  in  a  room  lately  built  in  Pembroke-hail,  erected  a 
*•  sphere  of  eighteen  feet  diameter,  wherein  thirty  persons  nrwiy 
'*  sit  conveniently  ;  the  entrance  into  it  is  over  the  south  pole  by 
**  six  steps  :  the  frame  of  the  sphere  consists  of  a  nuniber  of 
**  iron  n^eridians,  not  complete  semicircles,  the  northern  ends 
^  of  which  are  skrewed  to  a  large  round  plate  of  brass  with  a 
^  hole  in  the  centre  of  it ;  through  his  hole,  from  a  beam  in 
^  the  ceiling,  comes  the  north  pole,  a  round  iron  rod,  about 
*'  three  inches  lorg,  and  supports  the  upper  pans  of  the  sphere 
**  to  its  proper  elevation  tor  the  latitude  of  Cambridge  :  the 
*'  louer  part  of  the  sphere,  so  much  of  it  as  is  invisible  in  £nr* 
**  laiH-,  is  cut  off;  and  the  lower  or  southern  ^ti^>^  of  the  men- 
**  di'.n^^  or  truncated  semicircles,  terminate  on,  and  are  skrew- 
'*  td  down  to,  a  strong  circle  of  oakf  of  about  thirteen  leet 
**  diameter,  which  when  the  sphere  is  put  into  motion  runs  upoa 
«'  large  rollers  of  lignum  viue,  in  the  manner  that  the  tops  of 
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74»  There  have  been  changes  in  some  of  the  fixed 
stars,  at  different  times  :  some  have  totally  disap- 
peared,  as  two  of  the  second  magnitude,  which  were 
ibrmerly  in  the  stem  of  argo  navis,  but  are  not 
now  to  be  seen.  Some  new  ones,  as  one  in  the 
breast  of  cygnus,  have  appeared  :  so  long  ago  as 
the  time  of  Ripparchus,  a  new  fixt  star  was  noticed  ; 
and  this,  as  Pliny  informs  us,  ^*  was  the  reason  why 
Hipparchus  set  about  numbering  the  fixt  stars  for 
the  use  of  posterity,  and  reducing  them  to  some 
^*  rule."  There  are  also  some  stars  which  appear 
and  disappear  alternately ;  of  which  kind  is  a  re- 
markable one,  called  stella  mira^  in  the  neck  of 
cetus.     Others  are  found  to  vary  with  respect  to 

*'  lome  windmills  are  made  to  turn  round.  Upon  the  iron  men- 
**  dians  b  fixed  a  zodiac  of  tin^  painted  blue,  whereon  tlie  eclip- 
''  tic  and  heliocentric  orbits  of  the  planets  are  drawn,  and  the 
^  constellations  and  stars  traced :  the  great  and  little  bear,  and 
*^  draco,  are  already  painted  in  their  places  round  the  north-pole ; 
''  the  rest  of  the  constellations  are  proposed  to  follow  :  the  whole 
^  is  turned  round  with  a  small  wmch,  with  as  little  labour  as  it 
**  takes  to  wind  up  a  jack^  though  the  weight  of  the  iron,  tin>  and 
^  wooden  circle^  is  about  a  thousand  pounds.  When  it  is  made 
"  use  of,  a  planetarium  will  be  placed  in  the  middle  thereof. 
'*  The  whole,  with  the  floor,  is  well  supported  by  a  frame  of 
**  large  tinybers."  Since  this  was  written,  in  1758,  the  Constel- 
lations and  chief  stars  visible  at  Cambridge  have  been  painted 
in  their  proper  places  upon  plates  of  iron  joined  together,  which 
form  one  concave  surface. 

I  cannot  conclude  this  note  without  expressing  the  grief  and 
disappointment  I  felt,  on  seeing  this  sphere  in  the  beginning  of 
the  present  year  1801.  Instead  of  beholding  the  new  constella- 
tions painted  thereon,  and  tracing  out  many  improvements  since 
the  time  of  Dr.  Long,  as  I  naturally  expected  to  do  ;  I  could 
find  hardly  any  thing  but  strong  tokens  of  long  neglect,  and 
tpeedy  decay.  The  whole  was  exposed  to  the  effects  of  every 
diange  in  the  atmosphere,  by  reason  of  a  large  window  being 
constantly  left  open,  and  the  glass  in  the  other  windows  being 
broken  in  several  places :  some  of  the  constellations  could  scarcely 
be  discerned,  for  dust  and  cobwebs;  the  planetarium  had  but 
few  vestiges  remaining,  by  which  one  might  ascertain  whether  it 
ever  existed  or  not;  and  the  wires  about  the  zodiac  were,  in  many 
pbcesf  entirely  corroded  through  with  rust  I ! 

S 


50  Double  and  treble  Stars^ 

\\\dr  apparent  magnitude,  and  brilliancy  ;  as,  ontf 
of  the  stars  in  hydra,  one  in  cygnus,  one  in  me* 
dusa's  head,  and  the  star  algol^  the  latter  of  which 
in  ]particuhr  goes  through  its  variations  in  a  period 
of  2*  21  ^  It  varies  from  the  second  magnitude  to 
the  fourth  in  about  3$  hours,  and  back  again  in  the 
same  time,  and  retains  its  greatest  brightness  for  the 
remainder  of  its  period,  it  is  also  found,  from  an 
attentive  examination  of  the  stars  with  good  tele- 
scopes, that  many,  which  appear  single  to  the  naked 
tjti  consist  of  two,  three,  or  more  stars.  Dr. 
Her^hel^  who  had  observed  the  heavens  with  great 
constancy  and  care,  finds  this  to  be  the  case  witn  se- 
veral stars  :  thus,  «  herculh  is  a  double  star,  and 
so  are  i  Ij/^^t  «  geminorum^  y  andromedce^  ^ 
cygnij  and  many  others  ;  v  li/rce  is  a  treble  star ; 
and  f  lyrtCf  P  {y^(^9  ^  orionis^  f  librcCj  are  either 
quadruple,  or  double-double,  a3  the  doctor  calif 
tiiem.  But  it  will  be  sufficient,  in  the  present  part  of 
our  enquiry,  if  we  merely  allude  to  these  particulars^ 
75.  When  the  situations  of  the  stars  are  carefully 
determined,  it  becomes  necessary,  in  order  to  know 
their  situations  at  any  future  period,  to  take  into  ac- 
count the  cflFects  of  their  proper  ynotion^  as  it  is  some- 
times called,  namely,the  apparent  motion  produced  by 
the  precession  of  the  equinoctial  points.  (Art.  57.) 
By  this  motion  the  stars  appear  as  though  they  moved 
backwards  from  west  to  east,  exceeding  slowly,  at 
the  rate  of  about  i^  in  71 1  years;  and  in  conse- 
quence of  this  motion  it  is,  that  the  constellations  of 
the  zodiac,  which,  we  have  reason  to  suppose,  about 
the  time  of  their  invention  coincided  with  the  first 
points  of  the  respective  signs  of  the  ecliptic  to  which 
they  belong,  have  now  so  far  changed  their  positions 
as  to  be  found  more  than  a  sign  advanced  :  thus  we 
find  the  constellation  aries  3^  or  4^  within  the  sign 
taurus ;  taurus,  within  the  sign  gemini,  &c.  This 
motion  causes  the  longitudes  of  the  stars  to  be  llways 
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increa^g:  and  if  we  reckon  the  precession  at  50^ 
annually,  when  the  longitude  of  a  star  is  once  known^ 
it  may  be  soon  found  for  any  antecedent  or  subse« 
quent  period  :  for  instance,  the  longitude  of  sirius  in 
1690  was  9®  49'  i^j  if  we  deduct  90  times  s^Vy  ^^ 
I**  15^  22^,  it  will  leave  8**  33'  39^  for  the  longitude 
of  that  star  in  1600 ;  and  by  adding  1 10  times  50:^, 
or  1*^  32'  7^,  the  sum  will  give  11®  21'  i^  for  the 
longitude  of  sirius  for  the  year  1 8oo. 

y6.  Some  have  supposed  that  the  latitudes  of  the 
fizt  stars  are  invariable ;  but  such  supposition  is  erro« 
neous,  for  it  assumes  in  the  Ifirst  place  that  the  obli* 
quit^  of  the  ecliptic  (Art.  40.)  is  always  the  same^ 
which  is  known  to  be  contrary  to  facr ;  and  it  takes 
for  granted  also,  that  the  stars  are  so  fixt  as  to  keep 
thdr  places  immoveably  ;  but  this  is  by  no  means  cer- 
tain ;  nay  the  observations  of  Dr.  HaUey^  and  others 
of  the  best  practical  astronomers,  lead  us  to  adopt  a 
contrary  opinion. 

77*  It  is  manifest  that  a  variation  In  the  longitudes 
of  the  stars  must  produce  a  corresponding  change 
in  the  right  ascensions ;  and  although  changes  in 
the  latitudes,  arising  from  the  first  of  the  causes  sug- 
gested in  the  last  article,  will  make  no  difference  in 
the  declinations,  yet,  as  the  other  cause  alluded  to 
may,  it  is  thought  proper,  in  the  most  correct  tables 
of  the  fixed  stars,  to  appropriate  columns  for  the  an« 
nual  variations  in  right  ascension  and  declination. 
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CHAPTER  V. 


On  Parailaa\  Refraction^  and  the  Equation  of  Tm^ 


aw 


Art.  78.  HAVING  in  the  foregoing  cheater 
explained  some  of  the  methods  which  are  made  use 
of  in  determining  the  relative  positions  of  the  fixed 
stars,  we  might  now  proceed  to  enquire  into  the 
distances,  sizes,  apparent  and  real  motions,  of  the 
sun,  moon,  and  other  heavenly  bodies;  but  pre* 
vious  to  this  it  is  necessary  to  shew  the  nature  of 
some  corrections  which  must  be  applied  to  our  ob- 
servations, before  they  will  be  of  use  in  our  enquiries. 
Of  these  corrections  the  first  we  shall  notice  is  that 
arising  from 

• 

PARALLAX. 

79.  Hitherto  we  have  considered  the  various 
pha^nomena  of  the  celestial  bodies  as  though  they 
were  viewed  from  the  centre  of  the  earth,  whereas 
in  reality  they  were  observed  from  the  surface ;  and 
this  we  have  done,  by  conceiving  the  earth  to  be,  as 
it  were,  a  point,  or  that  the  distance  between  the 
centre  and  surface  is  imemible  when  compared  with 
the  vast  distance  of  the  heavens.  This  is  so  nearly 
true  with  respect  to  the  fixed  stars,  as  to  produce  no 
assignable  error;  but  with  respect  to  the  sun, 
moon,  and  planets,  the  admission  of  this  idea  of  the 
earth's  exceeding  minuteness  would  involve  some 
mistakes  which  may  be  prevented  by  duly  attending 
to  what  follows. 
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80.  In  fig.  1 2y  PI,  I.  let  A  be  the  place  of  an  ob- 
senrer  on  the  earth's  vixhct^  A  B  D ;  H,  G,  F,  and 
£^  the  real  places  of  four  heavenly  bodies ;  then  the 
aqyparent  places  of  these  bodies  in  the  supposed  con- 
cave sphere  of  heaven,  as  seen  from  A,  would  be 
Oy  My  K,  and  Z,  and  their  places  with  respect  to  the 
centre  of  the  earth  would  be  N,  L,  I,  and  Z  :  now 
the  lines  which  mark  out  the  apparent  places  as  seen 
from  the  surface  and  from  the  centre  respectively, 
intersect  at  the  real  places  of  the  body,  and  form 
angles,  as  AHC,  A6C,  AFC;  one  of  these 
angles,  as  A  G  C,  is  called  the  parallax  of  the  body 
G  in  that  situation y  AFC  and  A  H  C  the  parallaxes 
of  the  bodies  F  and  H :  that  is,  the  parallax  of  a 
heavenly  body  relative  to  the  observer,  is  the  incli- 
nation of'  two  visual  rays  passing  front  the  body^  one 
to  the  earth's  centre^  the  other  to  the  point  where 
the  observer  is  placed  on  its  surface. 

81.  The  parallax  of  a  heavenly  body  depends 
upon  two  circumstances,  the  distance  of  that  body 
from  the  centre  of  the  earth,  and  its  position  with 
respect  to  the  zenith.  The  separate  and  joint  effects 
of  these  two  circumstances  we  shall  now  exhibit. 

82.  The  sines  of  the  parallaxes  of  two  bodies  at 
unequal  distances  from  the  centre  of  the  earth,  but 
at  equal  apparent  distances  from  the  zenith,  are  re* 
ciprocally  as  the  distances  from  the  earth's  centre. 
Fot,  if  /  and  h  are  the  places  of  the  bodies,  it  is 
manifest  from  the  principles  of  plane  trigonometry, 
that  the  sine  of  the  angle  A  A  C  is  to  the  sine  of  the 
angle  hf  Cor  of  its  supplement  A/*C ;  that  is,  that 
the  sine  of  the  parallax  of  A,  is  to  the  sine  of  the 
parallax  at/,  as  /'C  to  A  C  ;  that  is,  reciprocally  as 
the  distances  of  h  and  f  from  the  centre  C. 

83.  Of  bodies  at  equal  distances  from  the  centre 
of  the  earth,  the  sines  of  the  parallaxes  are  always 
as  the  sines  of  the  apparent  distames  from  the  zenithf 
9r  as  the  co-sines  of  the  apparent  altitudes.    For^  if 
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JBFH  be  a  vertical  drcle,  ii\  the  triangle  AFC, 
AC  :  CF  : :  sine  AFC  :  rine  FAC  =  sine  E  AF  : 
and,  in  the  triangle  AG  C»  AC  ;  CG  or  C F : :  sine 
AG C  :  sine  GAC  =» sine  EAG*  Therefore,  the 
antecedents  of  both  proportions  being  equal,  the 
consequents  are  proportional,  and  sine  AFC:  one 
£AF  ::  sine  AG C  :  sine  EAG. 
.  From  this  it  is  obvious  ^that  the  parallax  of  a  body 
is  greatest  when  it  is  in  the  horizon ;  this  is  called 
tht  horizontal  paraUas :  it  is  also  manifest,  that  an 
object  in  the  zenith  of  an  observer  has  no  parallax, 
for  the  two  lines  which  form  the  parallactic  angle 
then  coincide. 

84.  The  sine  of  the  parallax  of  one  body^  is  to 
the  sine  of  the  parallax  of*  anoth^  hody^  in  a  ratio 
compounded  of  the  inverse  ratio  of  the  (Ustances  from 
the  earth* s  centre^  and  the  direct  ratio  of  the  sines 
of  the  apparent  distances  from  the  zenith.  For, 
when  the  distance  from  the  zenith  is  given,  the  sine 
of  the  parallax  is  reciprocally  as  the  distance  from 
die  earth's  centre  (Art.  82.)  ;  and  when  the  distance 
from  the  earth's  centre  is  given,  the  sine  of  the  pa- 
ralla;c  is  as  the  sine  of  the  apparent  zenith  distance 
(Art.  83.) ;  consequently,  when  neither  is  given,  the 
sine  of  the  parallax  is  conjunctly,  as  the  distance 
from  the  earth's  centre  reciprocally,  and  as  the  sine 
of  the  zenith  distance  directly. 

85.  The  general  effect  of*^  the  parallax  of  a  star  i% 
to  make  it  appear  nearer  the  horizon  than  it  really 
is :  and  as  the  position  of  the  stars  is  determined  by 
^eir  right  ascension  and  declination,  that  is,  by  the 
period  of  their  passage  over  the  meridian  and  their 
meridian  altitude ;  it  follows  that,  in  the  meridian^ 
which  is  a  vertical  circle,  the  parallax  of  a  star  is  aU 
m  declination^  and  nothing  in  right  ascetision. 

8fff    The  paralla^  of  the  stars  makes  them  appear 

farther  from  the  meridian  than  they  really  are. 

FoTf  fince  all  the  vertjcalf  cpnc^r  9t  the  zenith,  an4 
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fett&t  gradually  from  one  another  as  they  approach 
the  horizon^  and  since  the  parallax  of  stars  does  not 
remove  them  from  their  verticals)  but  causes  them 
to  appear  nearer  the  horizon  than  they  really  are, 
they  consequently  appear  farther  from  the  meridian 
than  they  are  in  reality.  Hence  the  stars  appear  to 
rlne  later  and  set  sooner ^  on  account  of  parallax. 

87*  Parallax  causing  the  stars  to  appear  in  other 
i)oint9  of  the  heavens  than  those  they  are  actually  in, 
must  also  change  the  latitudes^  longitudes^  dedina* 
tiofis^  and  right  ascensions.  The  £fference  of  the 
longitude  observed  from  the  centre,  called  the  true 
longitude^  and  that  seen  from  the  observer's  place, 
called  the  apparent  lofigitude^  is  called  the  pa^'^alUup 
of  longitude.  The  same  might  be  remarked  of  the 
parallax  of  latitude^  of  right  ascension^  of  declinu" 
tion^  and  of  altitude. 

88.  When  any  three  of  the  five  following  things 
are  given,  namely,  the  observer's  distance  from  the 
star^  the  star's  distance  from  the  centre  of  the  earth, 
the  earth's  semi-diameter,  the  true  or  apparent  alti- 
tude of  the  star,  and  the  parallax  ; — the  other  two 
may  be  determined  :  for  then  in  the  right-lined  pa- 
^lactic  triangle,  three  things  are  known,  whence 
the  other  two  may  be  found.  Hence  it  appears  that 
an  observer  situated  on  the  earth,  may  know  the  real 
distance  of  any  heavenly  body  from  the  earth's 
centre,  if  he  can  find  its  parallax^  and  particularly 
its  horizontal  parallax^  which  being  largest  is  most 
^t  for  the  purpose.  Jt  may  be  proper  therefore  to 
explain  a  tew  of  the  methods  by  which  the  parallax 
pf  a  celestial  object  is  discovered^ 

89f  The  parallax  of  a  body  has  been  sometimes 
found,  by  measuring  the  apparent  distance  of  the 
body  from  a  fixed  star  when  they  are  both  on  the 
^ame  vertical ;  then  observing  when  the  body  an4 
star  are  at  equal  altitudes  above  the  horizon,  at  which 
tin)e  the  distance  between  the  body  and  ^tar  must  be 
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again  measured:  the  diflference  of  these  discancet 
will  be  very  nearly  the  parallax  required, 

90.  But  the  following  method,  when  practicable, 
is  both  more  certain  in  practice  and  more  accurate 
in  theory.  Two  observers  must  be  placed  on  the 
^me  terrestrial  meridian,  each  about  50  or  60  de- 
grees from  the  equator,  one  towards  the  north,  the 
other  towards  the  sduth :  each  person  must  deter- 
mine, by  a  very  accurate  instrument,  the  distance  of 
the  body  from  his  zenith  at  the  instant  it  transits 
the  meridian,  and  the  zenith  distance  of  some  fixed 
star  whose  parallel  is  nearly  known,  and  differing  but 
little  from  that  of  the  body.  Then  on  each  side 
comparing  the  body's  zenith  distance  with  that  of 
the  fixed  star,  the  distance  of  the  body's  apparent 
parallel  from  that  of  the  star  would  be  known.  If 
this  comparison  gave  the  body  the  same  parallel  re- 
latively  to  each  observer,  it  would  have  no  parallax: 
but  if  the  comparison  shewed  that  the  body  appeared 
in  different  parallels  to  the  two  observers,  the  dis- 
tance of  these  parallels  would  shew  the  body's  hori- 
zontal parallax  by  this  analogy  :  as  the  sum  of  the 
sines  of  the  two  distances  of  the  body  from  the  zc^ 
nith  is  to  radius^  so  is  the  distance  of  the  txco  ap^ 
parent  parallels  of  the  body  to  its  horizontal  paral- 
lax. In  the  two  last  terms  of  this  analogy,  the  dis- 
tance of  the  parallels  and  the  parallax  are  put  in- 
stead of  their  sines,  because,  on  account  of  their 
minuteness,  they  may  safely  be  substituted  the  one 
for  the  other. 

When  the  two  observers  are  on  the  same  side  of 
the  equator,  use  the  difference  of  the  sines  of  the 
zenith  distances  instead  of  their  sum  in  the  above 
analogy.  If  the  two  observers  were  not  under  the 
same  meridian,  but  distant  from  one  another  by  a 
known  quantity,  regard  must  be  paid  to  the  motion 
of  the  body  in  decimation  between  the  times  of  its 
passage  over  the  two  meridians. 
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Example.  On  Oct.  5,  1751,  M.  de  la  Cail/e^  at 
the  C^  of  Good  Hope^  observed  the  plaaet  mars  to 
be  1'  25^*8  below  the  parallel  of  x  in  aquarius^ 
and  at  25^  distance  from  the  zenith.  On  the  same 
day  at  Stockholm  (the  longitude  of  which  does  not 
differ  more  than  :^  of  a  degree  from  that  of  the 
Cape),  mars  was  observed  to  be  i'  J7'*'7  below  the 
pandld  of  a  aquarius,  and  at  68^  14'  zenith  dis« 
tance.  Here  i'  $f^'j — 1'  25^*8=3  f^-g,  the  distance 
of  the  apparent  parallels ;  and  the  sines  of  the  ze- 
nith distances  are  '4^26183  and  *9287oi7.  Hence 
I •35 132  :  I  ::  31^*9  :  23'^'6,  the  horizontal  parallai^ 
of  mars. 

9\.  Another  method,  which  may  sometimes  be 
more  convenient  than  the  above,  as  it  requires  but 
one  observer^  is  here  added :  Observe  the  right  as- 
cension of  the  planet  when  it  passes  the  mericUan^  at 
which  time  there  is  no  parallax  in  ri^ht  ascension 
(Art.  85.),  and  compare  it  with  that  of  a  fixed  star : 
about  six  hours  after,  take  the  difference  of  their 
right  ascensions  again,  and  remark  how  much  the 
difference  (d)  between  the  apparent  right  ascensions 
of  the  planet  and  fixed  star  has  changed  in  that  time. 
Then  observe  the  right  ascension  of  the  planet  for 
three  or  four  days,  in  order  to  obtain  its  true  motion 
in  right  ascension ;  and  if  the  proportional  motion 
in  right  ascension,  for  the  interval  elapsed  between 
the  taking  of  the  right  ascensions  of  the  planet  and 
star  on  the  meridian,  and  at  a  distance  from  it^  be 
equal  to  1/,  the  planet  has  no  parallax  in  right  ascen- 
sion :  but  if  it  be  not  equal  to  ^,  the  difference  is 
the  parallax  in  right  ascension;  and  the  horizontal 
parallax  is  found  by  dividing  the  product  of  the 
parallax  in  right  ascemiou  into  the  co-sine  of  the 
ptanefs  declinatiofiy  by  the  product  of  the  co^sine 
of  the  latitude  of  the  place  of  obseixation^  into  the 
sine  of  the  hour  angle  from  the  ineridian  of  the 
planet. 
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,  To  demonstrate  this  nile,  let  E(^(fig.  14,  PI.  L) 
represent  the  equator,  P  its  pole,  Z  the  zenith,  v  the 
true  place  of  the  body,  and  r  the  apparent  place  as 
depressed  by  parallax ;  draw  the  secondaries  to  the 
equator  P  t;  n,  Vrb,  and  r  s  will  be  the  parallax  in 
declination,  and  ab  in  right  ascension.  Now  we 
have  vrivs  : :  i  (rad.)  :  sine  *ors^  or  Z  v  P,  and 
vs  I  ab  \i  co-sine  va  i  ly  fromthe  jiature  of  parallel 
circles;  hence vriab  : :  co-sine v a  :  sine ZvF;  and 
consequently  by  multiplying  means  and  extremes  we 

Mt  a  i= ^^r^ — —•    But  it  follows  from  Art.  8  x. 

o  co-sine  va  ^ 

that  V  r  =  horizontal  parallax  X  sine  v  Z,  and  it  is 
manifest  that  sine  v  Z  :  sine  Z  P  : :  sine  Z  P  t? :  sine 

ry      n     8*»ne  ZPxsine  ZPv        ,  ,  i.  ^^   ^* 

Z  V  r == SncVz ^  whence  by  substitution  w^ 

-.     ,       •      Aor.»«r.  X  sine ZP  X  sine  ZPv  j  .i_     i.     • 

find  a  A= — ^ : ;  and  the  non« 

t  11  a  6  X  co-sine  I?  a        ax  t»  ta    ilt  -. 

zontal  parallax  =  .^^^  ^  p  ^  ^.^^  ^  p--,  (^E.D.  Note: 

In  the  eastern  hemisphere,  the  apparent  place  is  to 
the  east  of  the  true  place,  and  of  course  the  right 
ascension  is  diminished  by  parallax ;  but  in  the 
western  hemisphere  the  right  ascension  will  be  in« 
creased  by  parallax.  If  the  right  ascension  be  taken 
both  before  and  after  the  meridian,  the  whole  change 
pf  parallax  in  right  ascension  betweeil  the  two  obser^t 
vations  is  the  sum  (s)  of  the  two  parts  before  and 

;ifter  the  meridian,  and  is  consequently  = 


V  r 


co-smeva 


sum  (S)  of  the  sines  of  the  two  hour  angles  :  the  ho« 
rizontal  parallax  will  then  be=;s^ .  ^^T^^Jf. 

The  following  example  will  illustrate  this  rule: 
On  August  15,  1 7 199  mars  was  very  near  a  star  in 
the  eastern  shoulder  of  aquarius :  at  9^  1 8"^  in  the 
evening,  mars  followed  the  star  in  10"*  17*  of  time  j 
and  on  Aug.  16,  at  4**  21"*  in  the  morning,  the 
planet  followed  the  star  in  10^  i':  consequently  ir( 
that  interval  the  apparent  right  ascension  of  Mar) 
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had  increased  i6'  in  time.  Now  the  planet  was  on 
the  meridian  3**  1 7°*  after  the  first  observation,  and 
^  46'*  before  the  second  ;  and  hi$  declination  when 
on  the  meridian  was  1 5^  ;  the  latitude  of  Paris^  the 
place  of  observation,  being  48®  50'.  According  to 
the  time  of  mars  coming  to  the  meridian  for  some 
days  after,  it  appeared  that  in  the  interval  between 
the  two  observations  the  right  ascension  had  in- 
creased but  14*.  Therefore  2*  in  time,  or  30"^  in 
motion,  is  the  real  parallax  in  right  ascension; 
41®  lo'  is  the  co-latitude;  and  49*^  15'  and  56°  30'  are 
the   hour  angles  from  the  planet's  meridian:  con- 

•      30'^  X  co-sine  i  j^ 

sequently  ^.^^  ^^o  ^^^  ^  ^^^^  ^^^  ^^  ^  ^.^  ^^^  ^^  — 

:^^^^^^S^^=2f^6  nearly,  horizontal  paral- 

lax  of  mars ;  differing  from  the  conclusion  drawn 
from  the  former  method  about  /^\ 

92.  If  the  parallax  in  altitude  of  a  planet  is 
known,  and  its  position  in  respect  of  the  ecliptic  and 
circles  of  longitude,  we  may  readily  find  the  parallax 
of  latitude  and  longitude :  or,  if  we  know  the  posi- 
tion relative  to  the  equator  and  circles  of  declination, 
we  may  determine  the  parallax  of  right  ascension 
and  declination. 

For,  I.  Let  HR  (fig.  14,  PI.  I.)  represent  the 
horizon,  EC^the  ecliptic,  P  its  pole,  Z  the  zenith, 
r  the  apparent  place  of  the  body,  Z  r  K  a  vertical 
circle  drawn  through  it,  v  the  true  place,  Vva,  Vrhj 
drcles  of  longitude :  then,  v  r  being  the  parallax  of 
altitude,  r  s  is  the  parallax  of  latitude,  and  a  b  the 
parallax  of  longitude.  Then,  on  account  of  the  mi- 
nuteness of  the  triangle  v  r  $^  we  may  reckon  it  right- 
lined,  and  shall  have  given  v  r,  the  angle  v  r  .v,  and 
i  a  right  angle ;  whence  we  obtain  r  ,v  and  v  s  :  and 
in  the  similar  triangles  Vvs^  Pa  by  it  will  be  as  sine 
P  V  :  radius  : :  vs  :  a  b  ;  whether  this  is  to  be  added 
|o,  or  subtracted  from,  the  longitude  at  v,  will  ap- 
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pear  from  considering  the  positions  of  £  Q,  Z  K, 
and  P^. 

2.  If  EQ  represent  the  ecliptic,  P  its  pole,  and 
H  R  the  honzon ;  then  r  s  will  be  the  parallax  of 
declination,  and  a  b  that  of  right  ascension,  as  ob- 
served in  Art.  91. ;  and  the  method  of  finding  them 
is  manifest  from  what  has  already  been  said. 

If  P  r  and  Z  r  coincide,  then  v  ;•=«  r,  and  v  s^^^a. 
That  is,  if  the  vertical  circle  coincide  with  the  circle 
of  longitude  or  of  declination,  the  parallax  of  lon- 
gitude or  of  right  ascension  is  nothing,  and  the  pa- 
rallax of  latitude  or  of  declination  is  equal  to  the 
parallax  of  altitude.  This  agrees  with  what  was  ob- 
served in  Art.  85. 

But  if  EQ^and  ZK  coincide,  then  vr=abj  and 
y.s=.9.  ITiat  is,  if  the  vertical  circle  coincide  with 
the  ecliptic  or  the  equator,  then  the  parallax  of  lon- 
gitude or  of  right  ascension  is  equal  to  the  parallax 
of  altitude,  and  there  is  no  parallax  of  either  latitude 
or  declination,  according  to  the  respective  cases. 

i)3.  From  the  enquiry  which  has  been  made  into 
the  nature  and  effects  of  parallax,  it  appears,  that  in 
all  observations  upon  the  heavenly  bodies  it  is  neces- 
sary to  know  how  much  they  are  depressed  by  pa- 
rallax, in  order  that  we  may  add  so  much  to  the  ap- 
parent, to  obtain  the  true,  altitude :  however,  in 
most  of  them,  except  the  moon  (whose  horizontal 
parallax  varies  from  about  61'  32^^  to  53'  $2^^^  the 
parallax  is  so  minute  as  to  demand  our  attention 
but  in  few  cases :  the  mean  horizontal  parallax  of 
the  sun  is  not  more  than  about  8'^75,  as  will  be 
shewn  in  a  subsequent  chapter  (^Chap.  XX.);  and 
of  course  its  parallax  at  the  altitude  of  50**  or  60^ 
will  be  very  inconsiderable ;  it  may  be  allowed  for, 
at  any  altitude,  by  the  rule  given  m  Art.  83.  or  by 
Table  V.  at  the  end  of  the  volume. 

But  the  great  use  of  parallaxes  is  in  finding  the 
distances  of  the  heavenly  bodies  from  the  earth,  as 
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mentioned  in  Aft.  88.  On  this  account  they  are  of 
great  importance  in  astronomy,  and,  as  we  shall  find, 
assist  us  very  materially  in  determining  not  only  the 
distances,  but  the  dimensions  of  the  planets  and  their 
orbits*. 

REFRACTION. 

!)4.  It  is  an  established  principle  in  the  theory  of 
Dioptrics,  that  as  soon  as  rays  of  light  enter  obliquely 
into  a  medium,  the  density  of  which  differs  from 
that  of  the  medium  whence  they  came,  they  are  bent 
from  their  rectilinear  direction :  if  the  medium  into 
which  the  rays  enter  is  equally  dense  throughout, 
they  are  only  bent  at  their  entrance ;  but  if  its  den- 
sity increases  in  proportion  to  its  depth,  the  rays  of 
light  will  be  more  and  more  curved,  their  curvature 
following  a  law  that  is  correspondent  to  that  propor* 
tion. 

This  takes  place  in  the  rays  of  light  passing  from 
the  heavenly  bodies  to  the  eye  ;  for  the  atmosphere, 
through  which  they  must  pass  before  they  arrive  at 
the  eye,  being  unequally  dense,  viz.  rarest  in  the 
upper  regions,  and  increasing  gradually  in  density 
unto  the  parts  contiguous  to  the  earth,  where  it  is 
most  dense,  causes  the  rays  to  be  bent,  and  arrive 
at  the  eye  in  a  different  direction  from  that  in  which 
they  would  come  to  it,  were  it  not  for  the  effect  of 
the  intervening  medium  :  the  difference  between  the 
real  and  apparent  places  of  the  heavenly  bodies,  as 


♦  Wc  have  considered  the  effects  of  parallax  upon  the  supposi- 
tion that  the  earth  is  a  sphere ;  a  supposition  which  will  in  no 
csise  respecting  parallax  produce  a  material  error,  unless  in  the 
more  nioe  and  accurate  calculations  relative  to  the  moon^  whose 
parallax  b  larger  than  that  of  any  other  heavenly  body.  Those 
who  wish  to  see  the  computations  in  this  case,  considering  the 
earth  as  a  spheroid,  are  referred  to  Chap.  VI.  of  Mr.  Fince*s  Com* 
fktg  System  §f  Astrwmy. 
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affected  by  the  passage  of  the  rays  of  light  through 
the  atmosphere,  is  by  astronomers  called  rrfractioni 
and  is  what  we  now  propose  to  consider. 

95.  In  fig.  169 1^.  L  B  O  D  is  designed  to  repre* 
sent  the  snriace  of  the  earth,  on  which  the  observer 
stands  at  O,  and  F  G  H  is  the  surrounding  atmo- 
sphere :  now  rays  of  light  proceeding  from  a  body 
Z  in  the  zenith,  falling  directly  on  the  atmosphere, 
are  not  refracted  thereby,  but  continue  in  the  same 
direction  till  they  reach  the  eye  of  the  observer.  But 
if  the  rays  proceed  from  a  body  not  in  the  zenith^ 
as  A,  they  ^1  on  the  atmosphere  obliquely^  and  are 
bent  or  refracted  into  a  curve  whose  concavity  is 
turned  towards  the  earth's  centre  C,  and  thus  reach 
the  observer  at  O  in  the  direction  Oa:  iikt  observer 
perceiving  objects  only  by  the  impression  which  rays 
proceeding  from  them  make  on  his  eye,  concludes 
that  those  objects  are  in  the  direction  of  the  impn-es- 
sion  his  eye  received  ;  and  therefore  he  supposes  that 
the  body  A  is  at  the  place  a.  llius  also,  if  the  rays 
from  a  star  £  pass  on  to  the  eye  by  a  curve-line  H  O^ 
the  observer  judges  that  star  to  be  in  the  direction  of 
the  side  of  this  curve  terminating  at  the  eye ;  that  is^ 
he  conceives  it  to  be  at  ^ ,  in  the  direction  O  Cj  touch- 
ing the  curve  at  the  point  O,  where  it  enters  the  eye. 
The  length  of  the  curve,  and  its  degree  of  curvature, 
depends  upon  the  space  it  runs  through  in  crossing 
the  atmosphere,  on  the  density  of  the  different  lau 
mina  of  the  atirosphere  through  which  the  rays  pass, 
and  on  their  obliquity  in  entering  these  lamina. 

y6.  From  the  above  it  naturally  follows,  that  an 
object  at  the  zenith  is  not  liable  to  refraction ;  but 
that,  as  the  distance  from  the  zenith  increases,  the 
refraction  becomes  perceptible,  and  is  proportionally 
greater  as  the  body  observed  is  farther  from  the  ze- 
nith, until  it  reaches  the  horizon^  where  the  refrac^ 
tion  is  greatest. 
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97«  Also,  that  by  the  effect  of  refraction  the 
Imvenly  bodies  appear  mare  elevated  abaoe  the  hari^ 
zan  than  they  reaUy  are  ;  and  that,  in  order  to  com- 
pensate for  thisy  something  must  be  subtracted  from 
all  the  apparent  altitudes  of  those  bodies :  in  conse* 
quence  of  this,  it  likewise  happens  that  the  stars,  sun, 
&c  are  actually  below  the  horizon,  when  they  ap- 
pear to  be  above  it  \  and  hence  they  appear  to  rise 
sooner  and  set  later  than  they  would  otherwise  do. 

98.  It  follows  also^  that  all  the  heavenly  bodies 
are  equally  affected  by  refraction  at  equal  apparent 
altitudes ;  and  therefore  it  differs  essentially  from 
parallax  in  two  respects :  parallax  causes  the  apparent 
places  oi  the  heavenly  bodies  to  be  lower  than  their 
real  ones,  refraction  causes  them  to  be  higher ;  the 
former  depends  both  upon  the  apparent  altitude  of 
a  body  and  its  distance^  the  latter  depends  upon  the 
apparent  altitude  alone,  without  any  regard  to  its 
distance. 

99.  Refraction  likewise  occasions  two  celestial 
objects  to  appear  nearer  each  other  than  they  are 
in  reality  :  thus,  let  the  star  A  (fig.  15,  PI.  I.)  be  in 
the  vertical  A  Z,  the  star  B  in  the  vertical  B  Z,  their 
true  distance  is  A  B,  an  arc  of  a  great  circle ;  but  if 
A  be  raised  by  refraction  to  a^  and  B  by  the  same 
cause  be  apparently  elevated  to  by  their  apparent 
distance  will  be  a  bj  which  must  be  less  than  A  B, 
because  the  two  verticals  Z  H,  Z  R,  converge  so  as 
to  meet  in  the  zenith  Z.  If  the  apparent  altitude  of 
each  star  be  the  same,  and  we  know  the  refraction 
at  that  altitude,  by  deducting  it  we  get  the  true  alti- 
tude of  each  star :  and  then  it  will  be,  as  sine  of 
Z  tir,  the  apparent  zenith  distance,  :  sine  of  Z  A,  the 
true  zenith  distance,  11  a  b^  the  apparent  distance 
between  the  stars,  :  AB,  then-  true  distance.  But 
if  the  apparent  altitudes  of  the  two  stars  are  different, 
then  in  the  spherical  triangle  Z  a  ^,  we  know  Z  a, 
and  Z  b^  the  complements  of  the  apparent  altitudes. 
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and  a  b,  the  apparent  distance,  whence  we  find  the 
angle  Z ;  and  after  adding  the  refractions,  we  have 
given  in  the  triangle  Z  A  B,  the  two  sides,  Z  A  and 
ZB,  with  the  included  angle,  whence  we  discover 
A  B  the  true  distance. 

100.  The  horizontal  refraction  being  the  greatest, 
is  the  cause  of  the  sun  and  full-moon  appearing  of 
an  oval  form  when  rising  and  setting ;  for  the  lower 
edge  being  more  refracted  than  the  upper  one,  they 
are  brought  nearer  together  in  appearance,  and  the 
vertical  diameter  shortened  :  but  refraction  does  by 
no  means  shorten  the  horizontal  diameter  so  much ; 
— hence  the  body  appears  oval,  but  not  completely 
elliptical. 

1 0  J  •  Refraction  will  be  of  various  denominations, 
as  it  respects  different  circles  on  the  earth  or  hea- 
vens :  these  being  very  similar  to  the  different  kinds 
of  parallax,  will  be  sufficiently  explained  by  referring 
to  fig.  13,  PI.  I.  Thus,  if  E  Q^be  the  equator,  P 
its  pole,  C  L  the  ecliptic,  p  its  pole,  Z  R  a  vertical 
circle,  A  the  real  place  of  an  heavenly  body,  B  its 
apparent  place ;  then  A  B  is  the  refraction  of  alti- 
tude^ dc  is  the  i^ef'raction  of  right-ascension^  Bo  the 
refraction  of  declination j  A  u  the  7'efraction  of  lati^ 
iudcj  and  /  b  the  arc  on  the  ecliptic  by  which  the 
longitude  is  increased  or  diminished  by  refraction, 
the  refraction  of  longitude.  The  mode  of  deducing 
one  of  these  from  the  other,  is  so  much  like  that 
which  was  illustrated  in  Art.  92.  as  to  need  no  farther 
remarks. 

102.  The  refraction  being  occasioned  by  the  at- 
mosphere, must  be  inconstant,  and  liable  to  changes 
in  some  degree  proportional  to  the  variations  happen- 
ing in  the  state  of  the  air  :  for  when  the  air  is  con« 
d^sed,  refraction  is  increased ;  and  when  it  is  rarefied, 
refraction  is  diminished.  Refraction  is  therefore 
greater  in  cold  weather,  or  in  cold  countries,  than 
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in  hot;  it  is  greater  also  in  the  morning  than  in  the 
evenings  because  the  air  is  rarefied  by  the  heat  of 
the  sun  in  the  day,  and  condensed  by  the  coolness 
of  the  night.  Experience  teaches  us,  that  the  hori- 
2ontal  retraction  varies  from  31'  to  3 5^  or  36' ;  and 
the  refraction  to  the  height  of  10^  or  12^  varies  pro- 
portionally. On  these  accounts  no  cract  method 
can  be  laid  down  for  deducing  the  refractions  of 
heavenly  bodies,  either  immediately  from  celestial 
observations,  or  by  means  of  any  physical  hypothesis. 
Tet,  as  a  proper  combination  of  experiment  and 
theory  will  enable  us  to  determine  the  refractions 
at  all  altitude^  with  sufficient  accuracy  for  every  prac* 
tical  purpose,  one  or  two  of  the  best  methods  are 
here  explained. 

103.  The  refraction  may  be  ascertained,  at  some 
particular  altitudes,  thus :  Take  the  altitude  of  the 
sun,  or  of  some  star  whose  right  ascension  and  de- 
clination are  known,  and  observe  the  time  by  a  good 
clock;  then  remark  carefully  the  interval  which 
elapses  from  the  moment  of  the  observation  to  the 
tun  or  star's  transitting  the  meridian,  from  which 
the  hour  angle  will  be  known,  by  reckoning  15^  to 
an  hour.  Then  (fig.  14,  PI.  I.)  in  the  triangle  ZPf, 
there  are  known  P  Z  the  complement  of  the  latitude, 
P  V  the  complement  of  the  sun's  or  star's  declination, 
and  Z  P  i;  the  hour  angle  from  the  meridian ;  whence 
we  find  Zx^  the  complement  of  the  altitude.  The 
difference  between  the  altitude  obtained  by  observa- 
tion and  that  resulting  from  this  calculation,  is  ob- 
viously equal  to  the  refraction  at  that  altitude. 

This  rule  has  been  thus  put  in  practice  by  Ca^sini: 
he  observed  the  altitude  of  the  sun's  centre ;in  latitude 
48**  50^  10%  on  May  i,  1738,  at  $^  aominthe  mom- 
ing,  and  found  to  be  5®  o'  14^.  The  sun's  declina- 
tion was  15®  o'  25^,  the  distance  from  the  meridian 
6.1  40*",.  which  gives  100**  for  the  hour  angle  ZP  t ; 
the  co^latitude  PZ  was  41''  9'  50^,  aiif^  the  co-decli^. 

F 
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nation  Pt?=  74^  59'  35^,  from  which  the  calcula*- 
tion  gave  Zv  ==  85®  10'  8^  for  the  co-altitude  ; 
consequently  4®  49'  52^  was  the  true  ahitude.  Add 
%^  for  parallax,  to  5^  o'  14^^  apparent  altitude  of  the 
centre  ;  the  sum. 5,^  o'  22^^  is  the  apparent  altitude 
coiTected  for  parallax  :  therefoie  5®  o'  22^^ — 4*^  49' 
^2^^  =10'  30^'',  the  refraction  at  the  apparent  altitude 
5^  o'  14^ 

104.  Another  method.  Take  the  greatest  and 
least  altitudes  of  some  circumpolar  star  (Art.  3i,) 
which  at  its  greatest  altitude  is  either  at  or  ne^r  the 
zenith,  and  of  course  then  free  from  refraction  : 
then,  having  the  latitude  of  the  place,  the  apparent 
distance  of  the  star  from  the  pole  will  be  known  at 
each  observation  (Art.  61);  the  less  of  these  distances 
taken  from  the  greater,  will  leave  the  refraction  at  the 
least  altitude. 

Example.  M.  de  la  Ca'dle  observed  a  star  to  pass 
the  meridian  of  Paris  within  6'  of  the  zenith,  and 
consequently  at  the  distance  of  41°  3'  50^^  from  the 
pole,  the  latitude, being  48 "^  50'  10'''',  as  above  stated: 
he  observed  its  meridian  altitude  when  under  the  pole 
to  be  7 ""  52'  25''''  ;  but  the  altitude  as  deduced  from 
the  polar  distance  should  be  7**  46'  20^'' ;  the  diflfer- 
ence  between  these,  viz.  &  ^^\  is  the  refraction  at  the 
apparent  altitude,  7^  52'  25'' ;  on  the  supposition 
that  the  observations  were  accurately  made. 

105.  The  refraction  at  some  one  or  more  apparent 
altitudes  being  found,  it  then  becomes  necessary  to 
enquire  by  what  law  it  varies  ;  so  that  when  it  is  de- 
termined m  a  few  instances,  it  may  be  ascertained  in 
every  possible  case  :  in  order  to  this,  let  AN/,  in 
Fig.  2,  PL  II.  represent  the  angle  of  incidence,  ANdr 
the  angle  of  refraction,  and,  of  course,  /N^  the 
quantity  of  refraction.  Then  AT  is  the  tangent  of 
Auy  lia  its  sine,  and  C  /  the  sine  of  A  i  :  draw  ac 
parallel  to  AN^  and  because  the  refraction  in  the 
case  now  under  consideration  is  very  small,  aei  may 
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be  considered  as  a  recdlinear  triangle  ;  therefore,  by 
amilar  triangles,    we  have  B  N  :  N  ^ : :  e  / ;  ^  /= 

Q^   .     Here,  as  N a  is  constant,  and  the  ratio  of 

B  a :  C  /,  the  sines  of  refraction  and  incidence,  is 
constant  also,  by  the  laws  of  refraction,  their  differ- 
ence e  i  must  vary  as  B  ^  ;  and  consequently  a  i  will 

vary  as  -g-j^,.  But  A  T  being=  "^  ^- — ,  which,  be- 
cause «  N  is  constant,  must  also  varv,  as  r-r^;  there- 

fore  a  i  the  refraction,  will  bp  as  A  T  the  tangent  of 
the  apparent  zenith  distance  of  the  celestial  body : 
for  the  angle  of  refraction  A  X  //  is  equal  to  the  ap- 
parent zenith  distance,  in  this  kind  of  refraction. 

This  rule  will  de\'iate  in  very  small  apparent  alti- 
tudes, where  the  rays  coming  to  the  atmosphere  in  a 
direction  nearly  parallel  to  the  horizon,  have  a  very 
large  portion  of  it  to  pass  through,  which  enlarges 
the  refraction  so  much,  that  a  t  i  cannot  without 
error  be  considered  as  a  rectilinear  angle.  On  this 
account.  Dr.  Bradley^  adopting  the  principle,  that  the 
force  with  which  a  ray  is  attracted  in  passing  through 
the  atmosphere  is  uniform,  has  deduced  a  very 
simple  and  general  rule  for  the  refraction  r  at  any 
altitude  //whatever;  viz.  as  radius  i  :  cotang. ^7-f  3 r 
:  :  57" :  r,  the  refraction  in  seconds  :  this  rule  is 
found  to  agree  exceedingly  well  w*ith  observations 
made  at  the  mean  states  of  the  barometer  and  ther- 
mometer. He  has  also  given  formula?,  by  which  the 
refraction  may  be  found,  at  any  other  states  of  the 
atmosphere,  to  as  great  exactness  as  need  be  looked 
for  in  such  enquiries. 

1()6\  The  methods  given  in  articles  103.  and  104. 
arc  both  liable  to  objection  ;  for  each  of  them  re- 
quires a  knowledge  of  the  latitude  of  the  place  of 
observation,  which  cannot  be  obtained  without  an  al- 
lowance for  refraction  ;  an  allowance  that  certainly 
cannot  be  made  with  accuracy  until  the  refraction  is 
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determined.  An  ingenious  method,  invented  by 
Boscavich^  is  not  liable  to  this  objection,  and  if 
therefore  now  given,  as  it  requires  the  admission  of 
no  other  principles  than  those  exhibited  in  the  last  ar« 
tick.  He  proposes  to  find  the  refractions  by  the 
variation  of  the  zenith  distances  of  the  circumpolar 
stars,  (hus  :  Let  A  and  a  be  the  apparent  zenith  dis- 
tances of  a  star  on  the  meridian  below  and  above  the 
pole,  X  and  .v  the  respective  refractions,  B  and  b  the 
apparent  meridian  zenith  distances  of  another  star 
below  and  above  the  pole^  Z  and  z  the  corresponding 
refractions  :  then  the  true  distances  from  the  pole 
will  be  A  +  X,  a  +  .r,  and  B  +  Z,  b  +  z  ;  and  as 
the  distance  of  the  pole  from  the  zenith  is  equal  to 
half  the  sum  of  the  greatest  and  least  true  zenith 
distances,  we  have  A-f-X-f^  +  j=B  +  Z+  b 
+  z  }  consequently  (I)  X  +  .r  —  Z  —  z  =  B  4. 
i  —  A  —  a.  Now,  supposing  T Art.  1 05.)  the  refrac- 
tions to  be  as  the  tangents  ot  the  zenith  distances^ 

wehave,tang.A:tang.flr::X:x=  ^y^^;  fori 

•     •!  ry         X.  tan^.  B  J  A.  tan?,  b  ^ 

Similar  reason  Z  =3   -: — V-t  and  z  =  -; V"*  By 

rang.  A   '  tang.  A         ^ 

substituting  these  in  the  equation  (I)  we  obtain  X  =« 
« A  \  >m  ^~  \  ^  ^tt^'  t^ — I ;  whence  the  other 

tang.  A  +  tang,  a  —  tang.  B  —  tang,  b  ' 

refractions  become  known.  Or,  if  we  adopt  Dr. 
Bradley^%  theorem,  and  suppose  the  refractions  to 
vary  as  the  tangent  of  the  zenith  distance  diminished 
by  three  times  the  refraction  ;  then,  by  putting  A  — 
jXaeM,  a  —  3.r=ii/,  B  —  3  Z=:N,  and  * 
—  3  js  CM  fy,  we  have  by  reduction,  X  =» 

tang.  M  ^  ung.  m-ung.  N  -  ung. «  '*^^ thetruerefrac- 
tion  at  the  apparent  zenith  distance  A  ;  and  from 
this  we  get  the  other  refractions,  by  the  equations  x 

X.  tang,  m     y  X.  tang.  N  ,  X.  tang,  m  ^ 

*^    tang.  M     »        **    tang.  M.  »  ^'^^  ^  *™     tang.  M    ' 

or  more  generally  by  Dr.  Bradley's  rule. 
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hi  this  manner  the  refraction  of  all  altitudes  may 
be  found  by  means  of  a  few  accurate  observations,  and 
reduced  into  a  table  for  general  use,  as  given  in  table 
VIiL  at  the  end  of  this  volume. 

107«  The  atmosphere  also  causes  a  particular  kind 
of  phenomenon,  besides  the  astronomical  refractions, 
which  is  the  morning  and  evening  twilight :  it  is  called 
twilight,  as  being  between  or  partaking  of  two  lights^ 
that  of  the  s\m  and  that  of  the  stars ;  the  latin  word 
crepUHCulum  arises  from  its  being  doubtful  whether  it 
be  day  or  night.  The  morning  twilight  begins  when 
the  sun  is  not  more  than  about  1 8°  below  our  horizon^ 
for  then  his  rays  first  reach  the  eastern  parts  of  the 
air  so  as  to  be  brought,  in  part  by  refhtction,  and  part 
by  reflection^  within  our  horizon  ;  as  the  sun  grows 
nearer  rising,  his  light  diffuses  itself  farther  round, 
and  enlightens  a  larger  portion  of  air,  which  thus  be- 
comes more  and  more  illuminated,  till  the  sun  rises  : 
in  like  manner,  after  sun-set  the  light  gradually  de- 
creases, till  the  sun  is  gotten  so  low  that  none  of  his 
rays  can  reach  the  western  parts  of  the  atmosphere  so 
as  to  be  brought  by  reflection  and  refraction  without 
our  visible  horizon.  There  is  some  little  diflference  in 
the  duration  of  twiiight,  arising  from  the  different 
density  of  the  atmosphere,  and  other  causes  :  thus, 
when  the  vapours  and  other  particles  which  reflect  the 
5olar  rays  are  carried  to  a  greater  height  than  at  other 
times,  the  sun  may  be  depressed  more  than  18%  and 
yet  produce  twilight ;  when  these  particles  are  lower 
m  the  atmosphere,  the "  sun  cannot  produce  twilight 
when  it  is  depressed  i8^  On  these  accounts  the  even- 
ing twilight  is  longer  than  that  in  the  morning,  and 
the  twilight  is  longer  in  hot  weather  than  in  cold, 
other  circumstances  being  the  same.  There  are  also 
differences  in  the  time  of  twilight,  owing  to  the  differ- 
ent situations  of  places  upon  the  earth,  or  to  the 
change  of  the  sun's  apparent  place  in  the  heavens : 
thus,  if  a  place  be  situated  in  a  parallel  sphci^e^  or 


« 
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yearly  so,  the  apparent  motion  of  the  sun  being  either 
quite  or  nearly  parallel,  he  will  be  carried  round  for 
some  months  at  a  less  depression  than  i8^,  during 
which  there  will,  of  course,  be  no  real  night.  In  a 
right  sphei^e^  the  twilight  is  shortest,  because  the  sun 
rising  and  setting  at  right  angles  to  the  horizon,  he  is 
depressed  18°  below  the  horizon  in  the  shortest  pe- 
riod. In  any  place  in  an  oblique  sphere^  the  nearer 
it  is  to  one  of  the  poles,  the  longer  the  twilight;  and, 
consequently,  the  nearer  the  equator,  the  shorter  the 
twilight.  As  to  the  different  places  of  the  sun ;  the 
twilight  is  longest  in  all  places  in  north  latitude,  when 
that  luminary  is  in  the  tropic  of  cancer  ;  in  south  la- 
titudes, when  the  sun  is  in  the  tropic. of  Capricorn, 
The  time  of  the  shortest  twilight  is  different  in  differ- 
ent latitudes :  in  England  it  is  shortest  about  the 
eleventh  or  twelfth  of  October,  and  the  second  or 
third  of  March,  as  will  be  shewn  by  calculation  in  the 
yiext  chapter  (Art.  i4i.]). 

Equutio7i  of  TimCf 

108.  It  would  be  far  from  an  easy  task  to  give  a 
precise  definition  of  dtiratioN  and  tif?fc  ;  but  it  is  not 
necessary  to  attempt  it,  since  from  the  succession  of 
our  own  ideas,  and  from  the  successive  variations  of 
external  objects,  we  easily  acquire  the  ideas  of  them 
and  of  their  measures.  We  conceive  true  or  absolute 
time  to  flow  uniformly  in  an  unchangeable  course, 
which  alone  serves  to  measure  with  exactness  the 
changes  of  all  other  things  ;  and  unless  we  apply  to 
the  vulgar  measures  of  time,  which  are  gross  and  inac- 
curate, some  proper  corrections,  the  conclusions  are 
always  found  erroneous.  Yet  however  various  the  flu^c 
of  time  may  appear  to  different  intellectual  beings,  it 
cannot  for  a  moment  be  thought  to  depend  upon, 
or  be  regulated  by,  the  ideas  of  any  created  being 
What^^;  it  thefeiore  becomes  re<}uisite  to  choosy 


some  object  as  a  propo'  aad  aieqczs  sicsi^rr-  it 
dine.  For  thk  purpose  ve  fx  zxn  dotsr  aczzie  r^ 
toral  object,  whcMe  CLociaa  Li  .xfi^-nrt;^  aid  zcss. 
uniforin,  or  some  artakiii  commzat  jx^^^rr-i  itr 
the  purpose  of  determfninr  :hiA  joenssi^  :  c£ 
kind  the  .^ua  has  been  cr;*--¥r,  iic  zz  zu 
duikm  dock  :  but  ai  the  zicdlel  :r  fiii  f:iz.  -r  Ziir  sl- 
actly  uniform,  and  a  clock  is  jsidc  re  -rarsrijy  ^  i:^ 
motions,  as  it  is  asiectec  zj  ric  ^JLsncii  Ji  ^i^  rr^.r^ 
sphere   vith  reaped  zc    bsar  :r    •  ti^  n — :r^    zr 


moisture,  some  mcce  c:  ziszz^tjstjl  T.wr  ic  r::i- 
trive4  which  will  enable  .-»  rs  cirrcci  iic  7a- ^^t.-  -r 
time  4educcd  from  ii  :ze.  by  t.-^^-^  -if  :iir  -rjun  ji 
gained  from  the  other.  TiLi  Is  'e^r  iiine  i^ 
the  nature  and  rrrrnr  z:  izji  ^rrsc'i.ariDfei  jl 
apparent  modons. 

ioy.  The /.' f^/T  .^-  .'-.■  jr/,  ic  iir^  ^^jicj 
when  the  sun'i  c.^rTf  is  :c.  ±e  Tt^^.-^m  iz  zz; 
place;  it  15  d:',:ici  iuzz  1^  iu'-rE.  ---t  -T-.r-  ^  j 
numerical  siicceiiion  fr:—  :  v.  i_:  ±z±  frr  .;  ir: 
sometimes  <iisdn.:iiiihcc  1  r  lie  zziiri  r.>l    Lj-ur-n^r 

marked  A.  ?»L  ?;  jjr.ir.  ir.  r       -  -    .  -  -  irr  -r  :.-j-j3. 

But  asrr.:ii:::.eri  jrUcnllT  ri:LL:c  "^rr^i-j::  ::e  i^ 
hours,  ir;:;:i  r.o.:n  ::  r.Ci.z..  ir..:  tt*^'  irr  :--*:- 
civil  or  coni:..-ri  "1-    :r  riiiT-Tjr   i^-i^'i   t^ — ::.-:: 

hours,  art  by  s-i-r-rir-.-ri  rti-cr, ii  n  -'c    :*v.r  -.-  - 

in  the  mcrriini:::  ttcr-an  z^'i :.  i**  i.;r^i.irr.cr*_ 

called  FcbniriJT  :ir  i  ::b.  i:  :;  z^/'-n. 

arc  of  the  tCAizzic  zzz,  lir:^::    zz  \  j-i-  :   .:. .   . 

the  equator:  :r.f:    •;         1...  1       -.    r    -j  s.  r  — -: 

is  measured  tv    r ;    1     -  -:t,  .     }  :■:    'i^' 
360°  :  59'  S  -2. 

III.    The  inierv;*  ::  "  vt  -'^-^-  '  *  ', 

transits  of  the  vj-'s  :cr.:rt   ',  cr  -jjc  vl;:^  r-^r-.a/ 
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U  called  a  solar ^  or,  ai  above,  an  Astr^ntMmcil  dap  ; 
'  it^is  measured  by  the  sum  of  the  whole  eauatdr 
^60^),  and  an  arc  of  it  equal  to  the  daily  mouon  in 
|wht  ascensioiu  For  at  the  ^d  of  a  diur^  rotation^ 
vnich  is  known  by  observation  to  be  uniform,  the 
meridian  is  against  the  same  star,  or  point  of  the 
ecliptic,  it  was  against  at  the  preceding  noon  f  setting 
aside  the  very  minute  difference  arising  from  me  pre* 
cession  of  the  equinoxes) ;  but  the  sun,  during  thil 

Eeriod,  has  removed  from  that  star  to  another,  which 
as  a  greater  right  ascension :  therefore,  before  the 
sun  can  be  again  on  the  same  meridian,  such  an  ad» 
diiional  arch  must  be  described  as  is  equal  to  the 
daily  motion  in  right. ascens'on. 

\19.  A  sidereal  day  is  the  interval  between  twd 

successive  returns  of  the  same  fixed  star  to  the  same 

meridian:   it  is  less  than  the   solar  day,  for  it  is 

Measured  by  360®,  whereas  the  mean  solar  day  is 

measured  by  360**  59'  8^  nearly. 

1 1 S.  True  or  mean  fimcj  is  that  shewn  by  a  clock 
whose  24  hours  measure  the  time  which  the  sim 
takes  to  describe  an  equatorial  arc  equal  to  360^  59^ 
8^:  apparent  t'lme^  is  that  shewn  by  the  sun  or  a 
dial,  where  24  hours  are  measured  by  the  sum  of 
360%  and  that  day's  motion  in  right  ascension.  The 
equation  of  timt^  is  the  difference  between  mean 
and  apparent  time,  or  between  the  weari  and  apparent 
noons,  or  between  the  times  shewn  by  a  clock  and  a 
sun^aial.  If  this  tqvatwn  can  be  accurately  known 
at  all  periods,  it  V'ill  always  enable  us  to  reduce  ap- 
parent time  to  that  which  is  absolute  or  true. 

1)4.  The  difference  between  the  measures  of  a 
mean  solar  day,  and  a  sidereal  day,  viz.  59'  8^,  re* 
duccd  to  time,  at  the  rate  of  24  hours  to  360%  gives 
3»n  56* ;  from  vhich  we  learn  that  a  star  which  was 
on  the  n^eridian  with  the  sun  on  one  noon,  will  re- 
turn to  that  meridian  3"  56*  previous  to  the  next 
noon :  therefore  a  clock,  which  measures  mean  days 
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by  34  hours,  vill  give  23^  $6"^  4*  for  the  length  Voft 
tulereal  day. 

115.  The  mean  and  s^arent  solar  davs  are  never 
equal,  except  when  the  sun's  daily  motion  in  right* 
ascension  is  59^  8^ ;  this  is  nearly  the  case  about 
April  15th,  June  i5th^  September  ist,  and  December 
24th:  on  these  days  the  equation  is  nothing,  or 
nearly  so;  it  is  at  the  greatest  about  November  ist, 
when  it  is  16^  14^ 

1  i  6.  The  equation  of  time  is  calculated  by  tracing 
out  the  effects  of  three  combined  causes ;  the  obit* 
quity  of  the  ecliptic^  the  9un*s  unequal  apparmt  m(h 
tion  iherehij  and  the  precessiofi  of  the  equinoctial 
points :  in  consequence  of  the  first  of  these,  in  the 
first  and  third  quadrants  of  the  ecliptic  from  aries, 
that  is,  between  aries  and  cancer,  and  between  li- 
bra and  Capricorn,  the  right  ascension  being  less 
than  the  mean  longitude,  the  point  of  right  ascension 
b  to  the  west,  and  therefore  the  apparent  noon  pre- 
cedes the  mean  noon ;  but  in  the  second  and  fourth 
quadrants,  namely  between  cancer  and  libra,  or 
Capricorn  and  aries,  the  right  ascension  being  greater 
than  the  longitude,  or  the  mean  motion  taken  in  the 
equator,  the  mean  noon  is  westward,  and  therefore 
precedes  the  apparent  noon.  But,  even  if  the  plane 
of  the  ecliptic  coincided  with  that  of  the  equator, 
there  would  be  a  correction  necessary ;  for  the  appa- 
rent annual  motion  of  the  sun  being  not  quite  uni- 
form,  a  longer  arc  would  be  described  in  some  days 
than  others;  that  is,  since  the  right-ascension  and 
longitude  would  in  this  case  be  the  same,  the  daily 
increments  of  right  ascension  would  be  unequal. 

117.  Dr.  Maskdyne  has  invented  a  rule  for  com- 
puting the  equation  of  tlnw^  in  which  all  the  three 
causes  are  considered ;  it  was  investigated  in  the  fol- 
lowing manner  :  Let  APLQ^(fig.  3,  PI.  II.)  be  the 
ecliptic^  A  L  (^  the  equator,  A  the  first  point  of 


74  Dr.  Maskelj/ne's  Rule 

aries,  P  the  point  where  the  sun's  apparent  motion 
is  slowest,  S  any  place  of  the  sun ;  draw  S  v  per* 
pendicular  to  the  equator,  and  take  A  w  =  A  P. 
When  the  sun  begins  to  move  from  P,  suppose  a 
star  to  begin  to  move  from  n  with  the  sun's  mean 
motion  in  right-ascension  or  longitude, viz.  (Art.  no.) 
at  the  rate  of  59'  8^^  in  a  day,  and  when  n  passes  the 
meridian  let  the  clock  be  adjusted  to  12.  Take 
n7n  =  P  s,  and  when  the  star  comes  to  /;?,  if  the 
sun  moved  uniformly  with  his  mean  motion,  he 
.would  be  found  at  s ;  but  at  that  time  let  S  be  the 
place  of  the  sun.  Let  the  sun  S,  and  consequently 
V,  be  on  the  meridian  ;  and  then  as  ;;/  is  the  place  of 
the  imaginary  star  at  that  instant,  m  v  must  be  the 
equation  of  time.  The  sun'si  mean  place  is  at  .v,  and 
as  A  w  =  A  P,  and  ;/  ///  =  P  a-,  we  have  A ;;/  =APjr, 
consequently  mT  =  Av  —  A ;//  =  A  r — A  P  s.  Let 
a  be  the  mean  equinox,  or  the  point  where  it  would 
have  been  if  it  had  moved  with  its  mean  velocity, 
and  draw  a  z  perpendicular  to  A  Q^;  then  A  m  = 
Az'\'.v  m  =^  Aa  x  co-sine  z  Aa  +  z  m  :  or  because 
the  co-sine  oi  z  Aa  the  obliquity  of  the  ecliptic,  23* 

28',  is  zz  —  very  nearly, A;;/  =  -  A  ^  +  .r  m:  hence 

w  r  =  A  r  — zm A  a.     Here  A  t'  is  the  sun's 

12 

true  right  ascension ;    :  /;/  the  mean  right  ascension, 

or  mean  longitude ;    and  —  Aa  (viz.  A  x)  is  the 

equation  of  the  equinoxes  in  right  ascension  ;  there- 
fore the  equation  of  time  is  equal  to  the  (/{//crchcc  o/' 
the  suns  true  r'tgkt  aM:amon  and  his  n.rah  /angiftfJc 
corrected  hy  the  equation  nj'  the  C(/ai/nucs  ia  rU-ht 

ascension When  A/;.'  is  A.v.vthan  Ar,  mean 

or  true  time  precedes  apparent ;  when  it  is  greater, 
apparent  time  precedes  ?nean.  That  is,  when  the 
sun's  true  right  ascension  is  greater  than  his  mean 
longitude  corrected  as  above  shewn,  we  must  add  the 
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equation  of  time  to  the  apparent  to  obtain  the  mean 
time;  and  when  it  is  /<^^.v,  we  must  subtract.  To 
convert  mean  time  into  apparent,  we  must  subtract 
in  the  former  case,  and  add  in  the  latter. 

Tables  of  the  equation  of  time  are  computed  by 
this  rule,  for  the  use  of  astronomers :  they  are  either 
calculated  for  the  noon  of  each  day,  as  given  in  the 
jS^autical  and  some  other  almanacs ;  or  for  every 
degree  of  the  sun's  place  in  the  ecliptic,  as  is  done 
in  Table  VI.  at  the  end  of  the  volume.  But  a  table 
of  this  kind  will  not  answer  accurately  for  many 
years,"  on  account  of  the  precession  and  other  causes, 
which  render  a  frequent  revisal  of  the  calculations 
necessary. 

118.  It  must  be  evident  from*  the  nature  of  the 
chief  subjects  treated  on  in  this  chapter,  viz.  Parallax, 
Refraction,  and  the  Equation  of  Time,  that  the  re- 
spective corrections  for  each  of  them  must  be  care- 
fully attended  to  in  our  observations  upon  the 
heavenly  bodies,  in  order  that  the  conclusions  result- 
ing from  them  may  be  relied  upon  in  point  of  accu- 
racy. The  ancients,  though  not  entirely  ignorant 
of  the  nature  of^  these  corrections,  conceived  the 
necessity  of  attending  *to  them  to  be  much  les 
than  it  really  is,  and  consequently  but  seldom  re- 
garded them  :  on  this  account  we  cannot  place  so 
much  dependence  upon  some  of  their  observations  as 
might  be  wished ;  though,  on  the  whole,  we  have 
much  greater  reason  to  admire  them  for  their  skill, 
than  to  complain  of  their  want  of  exactness. 
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CHAPTER  VI. 


On  detennining  the  Times  of  the  Risings  Culminate 
ingj  Setting,  S^c.  of  the  Sun  and  Jived  Stars. 


Art.  1 19.  WHEN  we  enquire  on  what  ^ajt  of 
the  day  the  8un  b  in  different  positions,  with  re- 
spect to  the  horizon,  meridian,  prime  vertical,  &c 
we  always  consider  either  the  sun's  declination.  Ion* 
gitude,  or  right  ascension,  as  known :  for  the  nature 
of  the  sun's  apparent  motion  is  now  so  well  ascer- 
tained, that  his  declination  for  every  day  at  noon  is 
determined  with  great  precision ;  and  this  being 
known,  together  with  the  obliquity  of  the  ecliptic, 
we  readily  find  either  the  longitude  or  right  ascen- 
sion, by  a  common  and  easy  rule  in  right-angled 
spherical  triangles.  Nay,  in  the  Nautical  Almanac 
(which,  together  with  the  Rci/aisitcTahltSj  cannot  be 
too  ftrongly  recommended  to  the  young  astronomer), 
not  only  the  declination,  but  the  longitude  and' 
right  ascension  of  the  sun  are  given  for  every  day 
at  noon ;  and  either  of  them  may  be  found  for  any 
intermediate  time,  by  proportion.  Thus,  suppose 
the  declination  on  April  1 5th  at  noon  is  9**  41'  50^  N., 
and  on  the  i6th  at  noon  10^  3'  14^^  N  ;  and  the  de- 
clination for  8  o'clock  P.M.  be  required  ;  say,  as 
74^  :  8**  :  :  ai'  24^  (the  difference  between  the  two 
declinations)  :  7'  S'^;  which  added  to  9**  41'  50^, 
gives  9®  48'  58^  N.  for  the  declination  soueht. 

ISO.  It  will  be  proper  to  remark  in  this  place, 
that  the  declinations,  longitudes,  or  right  ascensions^ 
as  given  in  the  Nautical  Almanac^  will  not  answer 
exactly  for  any  other  meridian  than  that  of  Greea« 
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xvich,  until  an  addition  01^  subtraction  is  made  corre- 
spondent to  the  difference  of  longitude  of  the  place 
from  Greenwich.     For  since  the  sun,  in  his  s^parent 
diurnal  motion,  is  on  the  meridian  of  places  eastward 
of  Greenwich  sooner  than  on  the  meridian  of  Green- 
wich, and  comes  to  the  meridian  of  places  westward 
of  Greenwich  after  he  has  quitted  the  meridian  of 
Greenwich,  and  the  difference  of  time  in  either  case 
b  proportional  to  one  hour  for  15^  of  longitude; 
we  must,  when  the  declination,  &c.  is  required  for 
any  place  in  emt  k>ngitude,  lessen  the  known  de« 
dination  at  Greenwich  proportionally  to  the  differ- 
ence of  longitude,  if  the  declination  at  that  time  be 
increasing  J  or  add  to  it  proportionally,  if  the  declina- 
tion be  decreasing :  a  contrary  mode  of  procedure 
must  be  adopted  if  the  place  be  in  xoest  longitude. 
Thus,  suppose  the  sun's  declination  was  required  at 
eight  o'clock  P.M.  April  15th,  in  6q^  west  longitude: 
then  say,  as  360®  :  60^  :  :  C8i'  24^  (difference  of  de- 
clinations as  found  in  Art.  119O*  3'  34^;  which,  as 
the  declination  is  increasing^  and  the  longitude  westj 
must  be  added  to  9^  48'  58^  N.  (the  declination  at 
eight  o'clock  P.^^.  at  Greenwich);  gives  9^  52'  32^ 
for  the  declination  sought.    These  corrections  may  be 
made,  by  means  of  the  Requisite  Tables^  without  any 

calculation A  due  regard  to  these  preliminary 

observations  will  be  of  considerable  utility  in  solving 
accurately  the  problems  we  now  enter  upon. 

121.  PROB.  I.  To  determine  the,  times  on  which  the 
sun  rises  and  setsj  having  the  latitude  of  the  place^ 
and  the  sun*s  declination. 

Ex.  At  Cambridge,  latitude  52®  12'  35^  N.  when 
does  the  sun  rise  and  set  on  May  4th,  1801  ? 

In  fig.  4,  PI.  II.  where  H  R  is  the  horizon,  E  Qjhe 
equator,  M  C  the  ecliptic,  andm  the  sun's  place  there- 
in on  May  4th,  the  declination  being  north ;  we  shall 
have  a  b  for  the  parallel  of  declination  nearly  in 
the  sun  will  move  on  the  whole  of  that  day, 
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and  if  the  figure  represent  the  eastern  hemisphere,  i 
will  be  the  point  on  which  the  sun  will  rise.  Then, 
in  the  triangle  ZN/  are  known  ZN=37°  47'  25^ 
the  CO  latitude,  Ni=74^  5'  35''''  the  co-declination, 
and  Z  /=9o^  the  distance  from  the  zenith  to  the  ho* 
rizon ;  to  find  Z  N  /  the  hour  angle  from  the  meri- 
dian :  which  converted  into  time,  at  the  rate  of  1  ^o 
to  an  hour,  will  give  the  time  from  apparent  noon. 
Now,  one  side,  Z  /,  of  the  triangle  being  =90^,  it 
may  be  solved  by  Napier's  rule  of  the  circular  parts, 
taking  the  parts  adjacent  to  Z  /,  and  the  complements 
of  the  other  three  parts,  for  the  circular  parts.  There- 
fore, as  rad.  :  co-tangent  N /  :  :  co-tangent  ZN  :  co- 
sine Z  N  / ;  or  as  rad.  :  tang.declin.  :  :  tang,  latitude : 
co-sine  of  hour  angle  from  noon.  Hence,  in  the 
present  case,  rad.  .  .  10*0000000 

tang.  150  54  25^  9-4548275 

tang.  52    12  35  lo' 1104697 

Co-sine  of  68^  26'  1 1^^  or  of  its  sunpt.  ?  ^ 

This  converted  into  time,  gives  7^  26""  14*  from  noon, 
for  the  time  of  the  sun's  setting  ;  and  taken  from  1 2**, 
leaves  4*'  33"*  46*  for  the  time  on  which  the  sun  rises. 
May  4th,  at  Cambridge. 

ji2i2.  But  in  the  above  solution  we  have  not  taken 
into  account  either  the  effects  of  refraction  and  pa- 
rallax, or  the  change  of  declination  in  the  interval 
between  the  sun's  rising  and  setting :  yet,  as  the  so- 
lution cannot  be  accurate  whilst  these  are  neglected, 
we  will  make  a  fresh  calculation,  in  which  thev  will 
be  attended  to.      Here  we  shall,  by  proceeding  as 

*  It  will  be  evident  from  a  slight  inspection  of  the  figure,  thit^ 
when  the  latitude  .of  the  place  and  the  $un\s  declination  are  of 
the  same  kind,  viz.  both  north,  or  both  south,  then  Z  N  i,  the  hour 
angle,  being  greater  than  Z  N  O,  will  exceed  90**  :  and  that  when 
the  latitude  and  declination  are  of  ditlerent  kinds^  the  hour  angle 
will  be  less  than  90^. 
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directed  in  Art.  119.  find  the  declination  of  the  sun 
for  the  estimate  times  of  rising  and  setting  (say  7I 
hours  from  noon)  to  be  15^  49'  19"  and  15®  59'  3i''j 
therefore,  Ni  =  74^  10'  41",  or  74®  o'  39':  also, 
Z  /  =  90^  X  mean  horizontal  refraction  — horizontal 
parallax  =  90^X33' — 8^  =  90^  32'  52";  and 
Z  N  =  37^  47'  25"  :  then  there  are  given  the  three 
sides  of  an  oblique  spherical  triangle,  to  find  the  angle 
Z  N  /,  which  may  be  thus  determined.  First,  for  the 
sun  rising : 

ZN=37^47'25^' 
Z  /  =  90    32  52 
N  /  =  74    10  41 


1 

202 

30  58 

From  1  sum 
Take  Li 

101 

90 

15  29 

32  52 

Difference 

10 

42  37 

Arith.  comp.  sine  N  i  0*0167737 

Do.  sine  Z  N  0*2127005 

Sine  of  |  sum  9*9915618 

Sine  of  difference  9*2691569 

2)19*4901929 


Co-sine  of  f  Z  N  i  or    |         7        54 
co-smeof  j  112^  26  12'' J       y  f^o  y  -^ 


Hence  the  time  from  noon  is  7^  29°"  45*,  or  4^  30" 
1 5%  the  time  when  the  sun  rises. 
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Sdly.  For  the  time  of  sansettlng : 

ZN=37%7'2S'^ 
Zi  «r9o  32  52 

N  i  aes  74       O   29 


Sum 

From  1  sum 
TakeZi 

202 

lOI 

90 

20  46 

10  23 
3^  52 

Difference 

« 

10 

37  31 

Arith.  comp.  sine  N  i  o'c  1 7 1 406 

Do.  sineZN  0*2127005 

Sine  of  |  sum  9*99^6895 

Sine  of  difference  9*2657254 

2)19*4872560 

Co-sine  of  56®   20'  52 "  i         .*t     6  q 
or  co-sine  of  |  Z  N  i        J      ^  '^^^       ^ 

Therefore  twice  56^  20'  52",  that  is  112^  41'  44^  i« 
the  hour  angle  from  noon,  and  this  reduced  to  time^ 
gives  7*»  30""  47*  the  moment  when  the  sun  sets. 

12:j.  From  a  due  consideration  of  the  last  article 
we  may  infer,  that  when  the  latitude  and  decli* 
nation  are  of  the  same  k'lml^  and  the  declination  is 
increasing,  the  interval  from  sun-rising  to  noon  will 
be  Itss  than  from  noon  to  sun-set ;  but  when  the  de* 
clination  is  decrtas'mg^  from  sun-rising  to  noon  the  in- 
terval will  be  greater  than  from  noon  to  sun-set :  on 
the  contrary,  when  the  declination  and  latitude  are 
of  different  kinda,  if  the  declination  is  increasing^  the 
interval  from  sun-rising  to  noon  will  be  greater  than 
from  noon  to  sun-set ;  but  if  the  declination  be  dc^ 
tixasini^Aho,  former  interval  will  be  less  than  the  latter* 

1 24.  Were  the  times  at  which  the  sun  rises  and 
sets,  at  any  place  on  the  same   parallel  of   lati« 
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tude  as  Cambridge,  to  be  determined,  we  must  pro* 
portion  the  change  of  declination  to  the  difference  of 
longitude,  as  directed  in  article  120,  and  «^  we  shall 
find  that  if  the  sun  have  north  declination  increasing^ 
the  days  will  be  longer  in  west  longitude,  and  shorter 
in  east  longitude  (in  the  same  parallel),  than  at  Cam- 
bridge ;  if  the  north  declination  be  decreasing^  the 
days  will  be  shorter  in  west  longitude,  and  longer  in 
eas( :  but  if  the  declination  be.  south  and  increasing^ 
the  days  will  be  shorter  in  west^  and  longer  in  east 
longitude ;  and  contrariwise  if  the  south  declination  be 
decreasing.  Similar  remarks  to  these  will  apply  in 
any  other  situation  in  north  latitude ;  and  just  the 
reverse  in  south  latitude.  But  they  are  too  obvious 
to  need  stating  more  at  large. 

1 25.  We  have  still  paid  no  regard  to  the  equation 
of  time ;  nor  have  we  made  an  allowance  for  the  ap- 
parent semidiameter  (Art.  304.  or  Tab.  IV.)  of  the 
sun :  to  bring  the  latter  of  these  into  the  calculation, 
let  it  be  added  to  the  side  Z  i  of  the  triangle,  and 
the  work  performed  by  the  rule  used  in  Art.  122. 
But  this  is  left  for  the  exercise  of  the  learner. 

12(5.  Prob.  II.  To  find  the  sun^s  azimuth  from 
the  north  or  south  when  rising  or  settings  the  latl' 
tude  and  declination  being  knaion. 

Ex.  On  May  4,  1801,  what  is  the  sun's  azimuth 
from  the  north,  when  rising  at  Cambridge  ? 

Referring  to  the  same  figure,  we  have  given  Z  N  =s 
if  4/  af'  Ni  =  74^  s'  35'S  and  Zi  =  90^,  to 
find  the  angle  i  Z  N,  which  is  measured  by  the  arc 
i  R.  From  the  circular  parts  we  deduce  this  analogy ; 
sine  Z  N  :  rad.  : :  co^sine  N  / :  sine  /  Z  N ;  or,  as  co- 
sine of  latitude  :  rad. ;  :  sine  of  declination  :  co-sine 
of  azimuth  from  the  north.  That  is,  in  the  instance 
before  us : 


a  The  Sun  on  the  Prime^Verticat : 

Arith.  Cornp*  co-sine  52^12^35^       0*2127004 

Rad.  lo'ooooooo 

Sine      15  54  25        9'Ai7^7o6 

Aelmuth  from  ie  Jo?A  I    9*65057  «<> 

In  this  problem,  as  well  as  the  last,  if  we  wish  to 
allow  for  refraction,  parallax,  and  the  change  of  de- 
clination, we  must  have  recourse  to  the  rules  for  oiv 
lique  spherical  triangles ;  fc^  we  shall  hare  Z  i  ;=  90^ 
+  33'  _  8^,  ZN  =  the  co-latitude,  and  N/  =  the 
co-declination  reduced  to  the  time  of  the  sun's  rising 
or  setting,  to  find  the  angle  N  Z  L 

127.  Prob.  hi.  Given  the  latitude  of  the  place^ 
and  the  snn^s  declination;  tojind  the  time  when  he  is 
on  the  prime  vertical^  and  his  altitude  at  that  time. 

Ex.  What  are  the  times  when  the  sun  is  en  the 
east  or  west,  and  what  his  altitude  at  those  times,  at 
Cambridge,  on  May  4,  1801  ? 
.  Here  are  given  in  the  triangle  Z  N  w,  Z  N  the  co- 
latitude,  N  w  the  co-declination,  and  the  angle  tcXN 
1=  90^ ;  to  find  Z  N  07  the  hour  angle  from  appa- 
rent noon,  and  Z  zv  the  co-altitude.  And  here  we 
are  furnished  with  the  following  analogies ;  viz.  rad. : 
co-tang.  N  w  :  :  tang.  Z  N  :  co-sine  Z  N  7^  ;  or,  as 
rad. :  tang,  declination  :  :  co-tang,  latitude  :  co-sine  of 
the  hour  angle  from  noon ;  also,  co-sine  Z  N  :  rad. 
t :  co-sine  xc  N  :  cosine  Z  w ;  or,  as  sine  latitude :  rad. 
:  :  sine  declination  :  sine  of  the  altitude.  Hence,  fiar 
this  example : 
•    Radius  10*0000000 

Tangent     15^  54'  25^        9*4548275 
..  CUtang..    52    12  35      •  •9*8895736 

Co-sine      77^  13'  ^^'^  1 

Hour  angle  from  noon  )      9'3444oi  i 


Bis  Altitude^  S^c.  at  six  (/Clock.  %9 

Aritfa«  Coznp.  sine      52^  12'  35^       c'1022306 

Radius  10*0000000 

Sine     15^54'^$'       9*4378706 

Alt.  sine  20^  tj'  34^        9*5401012 

The  above  hour  angle  converted  into  time,  gives 
^  8"  56*  for  the  time  past  noon  when  the  sun  is  on  the 
prime  vertical  to  the  west;  or  taken  from  12,  leaves 
6^  51"^  4*  in  the  morning,  when  the  sun  is  on  the 
prime  vertical  to  the  east. 

128.  From  this  problem  we  learn,  by  attending  to 
the  figure,  that  when  the  latitude  of  the  place  and 
the  sun's  declination  have  the  same  name,  then  the 
greater  the  declination  and  latitude,  the  greater  the 
altitude  J  and  the  less  the  time  from  noon :  and  having 
contrary  names,  the  greater  the  depression^  and  the 
greater  the  time  from  noon.  In  this,  as  well  as  mo^ 
of  the  subsequent  poblems  in  this  chapter,  the  cor« 
tecticms  for  refraction,  parallax,  and  change  of  de- 
clination, are  not  noticed,  as  they  may  easily  be  sup- 
plied. 

129.  Prob.  IV.  Given  the  latitude  of  the  place^ 
and  the  su7i\s  declination ;  required  the  si(?i's  alti- 
tude and  azimuth  at  six  o'clock. 

£x.  What  are  the  sun's  altitude  and  azimuth,  at 
Six  o'clock,  on  May  4,  1801,  at  Cambridge? 

Referring  still  to  the  same  figure,  we  have  given, 
in  the  triangle  Z  N  f ,  Z  N  the  co-latitude,  N  e  the 
co-declination,  and  Z  N  e  =  90^ ;  to  find  Z  e  the  co- 
altitude,  and  e  Z  N  measured  by  the  azimuth  :  which 
may  be  done  by  these  analogies ;  as  rad. :  co-sine  Z  N 
:  :  co-sine  N  e  :  co-sine  Z  (^ ;  or  as  rad.  :  sine  lati- 
tude :  :  sine  decHnatioh  :  sine  altitude ;  also,  as  rad. 
:  sine  Z  N  :  :  co-tang.  N  e  :  co-tang  c  Z  N  ;  or,  as 
rad. :  co-sine  latitude  :  :  tang,  declination  :  co-tang* 
azimuth.    Hence  the  operations  below : 


«♦  To  determine  the  Sun's 

Radius  10*0000000 

Sine        52^  12'  35^     9*8977694 
Sine        15  54  25       9^437870^ 

■  " 

Radius  10*0000000 

Co-sinc    52^12^35^     9*7872996 
Tangent  15  54  25      94548275 

Co-tang.    8o^5'39'*'7     .2,121271 
Azimuth  from  north  j    9    4       7 

1 30.  From  a  due  consideration  of  this  problem  ure 
may  learn,  that  as  the  declination  of  the  same  name  as 
the  latitude  increases^  the  altitude  at  six  o'clock  in* 
creases^  and  the  azimuth  lessens  ;  the  contrary  hap- 
pens while  the  declination  is  diminishing :  if  the  de- 
clination be  different  from  the  latitude,  the  depressictt 
of  the  sun  at  six,  and  the  azimuth  from  the  opposite 
point  H  of  the  horizon,  will  be  affected  in  a  smtiilar 
manner,  by  the  increase  or  decrease  of  the  dedinai- 
tion. 

131.  Prob.  V.  Given  the  latitude  of  the  place^ 

the  sun's  declination^  a?td  altitude j  to  Jind  his  azi- 

muth  and  the  time. 

Ex.  At  Cambridge,  on  May  4,  1801,  what  are 

the  sun's  azimuth  and  the  time  from  noon,  when  die. 

altitude  is  40^  ? 

In  this  problem  are  given  ZN  the  co-latitude» 

Z  i;i  the  co-altitude,  and  N  ni  the  co-declination,  to 

find  Z  N  VI  the  hour  angle,  and  //i  Z  N  the  azimuth  : 

these  may  be  found  by  the  rule  which  was  used  in 

fixu  122.*  :  thus,  for  the  hour  angle : 

*  BisJiop  Horslof,  at  p.  21  j  of  hU  Elementary  Tre^tisei,  haM 
pointed  out  a  process  for  the  determmatiun  of  any  angle  of  a  sphc« 
rical  trian^e  when  the  sides  arc  given,  which,  as  it  may  be  ftt* 


Azimuth  and  Tune, 


85 


ZN  = 

%f 

47' 

25' 

Zm  = 

50 

0 

0 

Hm  = 

74 

S  35 

Sum 


161    53    o 


From  I  sum  80  56  30 
Take  T^m      50    o    o 

Difference      30  56  30 

Arith.  comp.  sine  Z  N 
Do  sine  Ni» 

Sine  of  {  sum 
$ine  of  difference 


0*2127004 

9*9945496 
97108917 

«)i9-935<>984 


>j 


orco-smcof  jZNw*    J     ^^^''/^^^ 

Therefore  the  hour  angle  is  43^  44'  ^6"j  and  the 
time  before  or  after  noon  2H  55™.  Then  for  the 
azimuth: 

^  Sum,  as  before,  80^  56'  30^ 

TakeNm  74     5  2^5 


Difference 


^    50  55 


quently  appfied  with  advantage^  is  here  given:  Suppose  in  the 
triangle  Z  N  m  (fig.  4,  Pi.  II.),  of  whiph  all  the  sides  are  known, 
it  is  required  to  determine  the  angle  Z  N  m :  in  an  indefinite  right 
line  take  af  (fig.  4,  a,  PI.  II.)  equal  to  the  difference  of  the  co» 
sines  of  the  given  arcs  Z  N,  Sm.  Through  one  extremity  of  that 
line,  zsf,  draw/^,  at  right  angles  with  af^  and  from  the  other 
extremity  a,  to  fb,  draw  down  a  b  equal  to  the  chord  of  the  arc 
Z  m.  Then  upon  the  base  fb  construct  a  triangle  whose  sides  b  g, 
J'g,  shall  be  equal  to  the  smes  of  the  given  arcs  m  N,  Z  N,  re- 
tpeettvcly.  In  this  triangle,  the  angle  fg  b,  opposite  to  the  side 
fb,  b  equal  to  the  spherical  angle  Z  N  m.  The  resolution,  there- 
fore, of  these  two  right-lined  triangles  a  bf,  bgf,  solves  the  spbc« 
rical  problem. 


96  Errour  in  Sun's  Altitude  gmn^ 

Arith.  Comp.sineZN  0-2127004 

Do.  sine  Z  m  o-i  157460 

Sine  of  |  sum  9*994549^ 

Sine  of  difference  9*0764452 


^)  I9'i9944i2 


co-iuae  of  J  «i  Z  N  5     >   ^^' 

Consequently  iio^  «'  8^  is  the  azimuth  from  thQ 
norrl^  xff  ifipP  ^5^'  from  the  south* 

133.  In  this  problem  we  have  an  excellent  metho4 
of  finding  the  time  at  any  hour  of  the  day»  by  means 
of  the  sun'$  altitude ;  but  that  the  time  may  be  deter? 
mined  accBrately,  die  altitude  must  be  taken  witl) 
^eat  care,  and  the  proper  allowances  must  be  n^c 
for  refraction  and  parallax.  We  may  also  by  assume 
ing  any  errour  in  finding  the  altitude,  ascertain  the 
coriesponding  errour  in  time:  for,  let  r^* (in  the  samp 
figure)  represent  the  errour  in  altitude,  and  let  ms  be 
drawn  parallel  to  the  horizon,  then,  as  we  suppose 
the  sun's  declination  to  continue  the  same  during  so 
short  an  interval,  m  and  r  will  be  the  apparent  and 
real  places  of  the  sun  on  the  parallel  of  declination, 
and  the  arc  m  r,  or  angle  m  N  r,  will  measure 
the  corresponding  error  in  time.  Now  the  ande  at 
s  is  90%  and  the  triangle  m  s  r  being  so  exceeoingly 
ymaily  may  safely  be  supposed  rectihnear ;  hence 

s  r  '•  r  mi  :  sine  sm  r  :  radius, 
and  m  r  I  p  a  '  I  co-sine  c  r  :  radius  ;  therefore,  by 
multiplying  the  corresponaing  terms,  s  r  \  p  qi  \  sine 
d  vt  rXco-^ine  f  r  :  radius  squared ;  and  consequently 

the  arch  p  g  sss  s  r  x^- —^ — • •  ButZrN 


ioJBmiikaimlm^  V 


es  1  m  r,  srm  bdag  die  i  iwiyii  i  m  cf  each  ^ 
and  ^le  have  sine  Z  r  N  (or  sne  »  «  r) :  anc  Z  V :  i 
line r  ZN : sine N  r orio  iiinr  fr;  ftwrnnqwrnn^uat 
smr  y.  cx>-5inef  raxsmeZK  xane  rZli  ;  and 


Radius  * 


From  vhidi  k  juyLAii.  s^bc 


co-due  Ut.  X  sia.  azi^nitfa 

since  the  one  of  the  azimndi  is  m  wuurimMm^  v^eai 
sun  is  on  the  prime  Temcal, 
then  be  a  minimum^  piofnded  die  refraninm  be  ]ir&- 
perly  allowed  for.  It  is  best  tbrrefcre  to  Aednce  die 
dme  from  an  aldtude  taken  vhen  ibe  son  is  an  a 
near  the  prime  verdcaL 

Suppose  now  that,  in  the  emsfJe  to  dns  jtrrtSrm, 
die  errour  in  the  ahitiidc  is  i^,  tbcn/  f  Ae  g^uui  in 


-<^i>gX>867o  ='^  *'•***   °^  *   ^*««^    "  :"5*'  ^ 


133.  It  may  be  proper  terenoBky  tktttfbewcnce 
this  problem  mig^  hare  been  dwrte&fid,  rr  rnc 
finding  the  azimuth,  aiui  then  the  faour  a&rie  bj 
means  of  the  proportion  between  the  sines  o£  vppo^sc 
ades  and  angles.  Had  the  amimrh  been  ^nn  x:^ 
stead  of  the  altitude,  the  tioK  and  the  akitiidf  xsiric 
easthr  hare  been  determined,  by  attendnur  ic  die  tots 
pyA  ad  rcqair«l,  ia  die  niigkTF*  '^ 
'  134,  PnoB.  VL  Ghm  the  iatttrndc  »f  irtf  /wa^f, 
less  than  the  sum's  dtctmai'mm,  mm  ike  dtdlacztjn  aut 
gxintull\ ;  required  his  aUitmie  mmd  ike  ttsac  tft  'jfrsa-- 
KationJ 

Ex.  Inthebtitndeof  i3f  3c<N,  wbcnthe  sjnhas 
t^  i8'  N.  decfinataoo ;  wlm  are  the  tiiaes  of  tike  iar, 
imd  die  sun's  akitiidf  j  wiien  he  is  s«es  on  the  ea2s> 
nordi-east  aamiith^  or  67^  30  froo  the  s'jrcfa  r 

Let  the  primidre  drck  H  Z  R  (^,  in  njr.  5,  PL  IL 
represent  the  nifridian  of  the  place,  H  R  t^  hcri- 
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zoOj  Z  a  the  prime  vertical,  N  and  S  the  poles,  N  K 
se  £  Z  the  latitude,  n  m  the  parallel  of  23^  28^  N.  de« 
clination,  Z  D  a  verticle  circle,  which  will  either  touch 
the  parallel  n  m^  or  cut  it  in  two  points  A  and  B ;  in 
the  present  case  it  intersects,  therefore  let  N  A,  N  B, 
part  of  two  hour  circles,  be  drawn.  Then,  in  the  sphe- 
ric triangle  N  Z  A  or  N  Z  B,  there  are  known,  the  co- 
latitude  N  Z  =  76°  30',  the  co^eclination  N  A  or 
N  B  =  66<>  32',  and  the  azimuth  N  Z  D  =  67* 
30' }  to  find  Z  A  or  Z  B  the  co-altitudes,  and  the  an- 
gles ZN  A,  ZNB. 

Here,  radius  :  co-sine  azimuth  : :  cotang.  lat. :  tang, 
of  a  fourth  arc  M  =  57*^  54' ;  and  sine  lat.  :  sine  de- 
clin. : :  co-sine  M  :  co-sine  of  a  fifth  arc  N  =  7.^  56'. 
Then  M  +  N,  or  sf  54'  +  24''  56'  =  82^  50'  = 
Z  A,  comp.  of  least  altitude ;  and  M  —  N,  or  57®  54' 
•—  24''  56'  =  32**  58'  =  Z  B,  comp.  greatest  altitude* 
Consequently,  when  the  sun  has  7^  lo'  or  57*^  2'  of 
altitude,  he  is  on  the  given  azimuth. 

Again,  co-sine  declin. :  sine  azimuth  : :  co-sine  least 
alt.  :  sme  angle  from  noon  87  55^ ;  and,  co-sine  de- 
clin. :  sine  azimuth  : :  co-sine  great,  alt.  :  sine  an^le 
from  noon  33®  14'.  These,  reduced  to  time,  give 
^  $1^  40*  and  2^  i2°*  56%  the  respective  times  from 
noon  ;  therefore  the  sun  will  be  seen  on  the  £  N  £• 
azimuth  at  6**  8™  20%  and  again  at  9**  47"*  4^,_both 
in  the  morning ;  also,  in  the  afternoon  he  will 
be  on  the  WNW.  azimuth  at  2^  12  56*  and 
5^  51™  40^ . 

\:i5.  But  suppose  it  were  required  to  find  at  what 
time,  and  at  what  altitude,  the  azimuth  of  the  sun 
would  be  greatest,  at  the  same  place  and  day  :  the  azi- 
muth circle  in  this  case  will  touch  the  parallel  nmm 
the  point  C,  and  there  will  be  given  in  the  spherical 
triangle  Z  N  C,  right-angled  at  C,  the  co-latitude  N  Z 
=  7t)^  30',  and  the  co-declination  N  C  =  66*^  32', 
to  fiind  KZ  C  the  azimuth,  Z  N  C  the  hour  angle,  and 
Z  C  the  co-altitude :  these,  by  the  well  known  propor** 
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tions  of  right-angled  triangles^  are  soon  found  to  bc^ 
70*37'  the  greatest  azimuth,  56'  efi'the  hour  angles 
or  3''  45"^  44'  the  hour  from  noon,  and  54  9f  the  co« 
altitude,  or  35*  52'  the  altitude. 

Hence  it  appears  that  the  azimuth  is  altered  only 
3^  /  in  2^  d"",  and  consequently,  as  ihe  alteration  is 
so  small,  the  variation  of  the  compass  may  be  observed 
with  more  certainty  in  the  torrid  zone  than  else- 
where. 

1st).  Prob.  VIL  Given  the  latitude  €>f  the  plate 
and  the  sun's  declination^  required  the  time^Tchen  the 
twilight  begins  and  ends. 

Ex.  At  what  time  does  the  twilight  begin  and  end, 
at  Cambridge,  on  May  4^  1801  ? 

It  was  observed  in  Art*  107.  that,  at  a  medium,  the 
twilight  begins  in  the  morning,  and  ends  in  the  even- 
ing, when  the  sun  is  1 8*  below  the  horizon  :  there- 
fore if  ^  /  (in  fig.  4,  PL  II;)  represent  a  parallel  to  the 
horizon  drawn  18^  below  it,  or,  as  it  is  sometimes 
called,  the  crepusculum  circkj  a  h  the  parallel  in 
which  the  sun  moves ;  then  will  0  be  the  sun's  place 
when  the  twilight  begins  and  ends :  hence  there  are 
given,  in  the  triangle  Z  N  c?,  Z  N  the  co-latitude,  N  0 
the  co-declination,  and  Z  0  =  90**  +  18®=  108°;  to 
find  Z  N  0  the  hour  angle  from  noon ;  which  may  be 
done  by  the  rule  used  in  Art.  122.  thus: 

ZN=    zfM'^s' 

N  (>  =    74     5  35 
Z  0  =s  108     o    o 

Sum 

From  I  sum 
Take    Z  0 

Difference 


219 

53 

9 

109 

108 

56 

0 

30 
0 

I 

56 

30 
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■ 

Jirith.  Comp,  sine  Z  N  0*2 117004 

Do*  sine  N  0  ©'0169567 

Sinci  sum  9*973^ 5^5 

Sine  of  difference  8*5^99^59 


3)187327745 


Co-sinc  of  76*  33'  25^  ?    0-^66^872 
or  co-sine  of|ZNo    >    ^  ^     ^  ^ 


Consequently  1 53^  &  $0^  t»  the  hour  angle,  aa4 
j^h  j^m  2y*  |,jje  time  from  noon  :  that  is,  i**  47»»  3  V 
b  the  time  when  day  breaks,  and  lo**  ii*"  27'  in  the 
evening  is  the  time  when  twiBght  ends*  If  the  time 
CR  which  the  sxm  rises  and  sets  be  taken  from  these 
times,  we  shall  have  2^  46"^  1 3'  for  the  duration  ef 
cither  morning  or  evening  twilight.  If  the  change  frf* 
the  sun's  declination  had  been  taken  into  the  account^ 
remarks  would  have  been  deduced  ^milar  to  those  ii| 
Art*  123. 

i37*  When  the  declination  is  equal  to  the  dilfeF« 
ence  between  the  co-latitude  and  1 8^,  then  the  par 
tallel  of  declination  a  h  will  just  touch  the  crepas^ 
citliim  circle  t  /,  and  the  twilight  will  just  continue 
all  night :  when  the  declination  becomes  greater 
than  the  difference  between  the  co-latitude  and  1 8^ 
(the  latitude  and  declination  being  of  the  sanie  kind), 
then  ab  will  neither  cut  nor  touch  //,  and  there 
will  be  no  night  at  that  place,  but  the  twilight  will 
continue  from  sun-setting  to  sun-rising :  on  this  ac- 
count, there  is  no  total  darkness  at  London,  the  la- 
titude of  which  is  51^  32',  from  May  2  2d  to  July 
21  St,  t|ie  sun's  declination  during  all  that  interval 
being  greater  than  20®  28',  which  is  the  difference 
between  i8*  and  38^  28^  the  complement  of  the 
latitude. 

13^.PR0B.VIII,G/re«  the  latitude  of  the  place,  tQ 
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fimd  the  time  of  the  shortest  txcUight^  and  its  ditra^ 
tion. 

hex  a  b  (fig.  8,  PL  II.)  be  the  parallel  of  the  sun'3 
declination  at  the  time  required  ;  draw  c  d  indefinitely 
near  and  parallel  to  it,  and  T  W  a  parallel  to  the  ho- 
rizon  18**  below  it ;  then  v  P  rr,  *  P  /  measure  the  twi- 
light on  each  parallel  of  declination,  and  when  the 
twilight  is  shortest,  the  increment  of  the  hour  angle 
being  ss  0,  these  must  be  equal ;  hence  v  P  r=  xv  P  z^ 
therefore  vrm^wz;  and z%rst=itz^  and  the  angles 
r and  z  are  right  ones,  rvss=ztvt ;  but P v r«sc 
90^  tmxXvs;  Uke  Z  t?  r  from  ^ch,  and  there  remains 
PvTstBx  rvs:  for  the  same  reason  Pw7»^b=:  zw  i; 
hence  Pt^Z ««  P  w Z.  Take  v  e ss re; Z  >«  90^,  and 
join  Pe;  then  as  P i;  =  P'w,  v e  =  wZj  and  Pvezz 
P«;  Z,  we  have  P  e  s  P  Z  ;  and  if  P  v  be  perpendv- 
colar  to  e  Z,  then  will  X  y  =  y  e.  Now,  by  trig* 
CQiiiTieP V  :  co-sine  P e  orPZ : :co-5ine vyz  co-^ne  eyi 
that  is,  sine  declination  :  sine  latitude  : :  sine  eyico^ 
fine eyi  I  tang,  e  ^  =  9^  :  radius ;  or,  radius  :  sine 
Uttitude  :  :  tang.  9^  :  sifie  of'  ike  sun's  declination  at 
the  time  of  shortest  twilight.  Because  PZ  is  always 
less  than  90^,  and  Z  ^  zn  9^,  therefore  P  y  is  always 
Jess  than  90^,  and  confequently  its  co-sine  is  positive  ; 
also  V  ^  is  always  greater  than  90^^  therefore  its  co« 
^ine  is  negative;  hence  co*sine  P  v  {iz  co-sine  P y  y,. 
eojoskevy)  Unegativey  consequently  P  t;  is  greater  than 
90^,  and  therefore  the  declination  and  latitude  are  of 
contrary  kinds. 

1 39.  To  find  the  length  of  the  shortest  twilight : 
micew P Z  =  V P  e, therefore ZPe  zzvPw measur- 
ing the  time  sought.  Now  sine  P  Z  or  co-sine  latitude 
;  radius  :  :  sine  Z  ;y  n  9^  :  sine  Z  P^,  which  doubled, 
gives  Z  P  e  or  vPw ;  and  this,  being  converted 
into  time,  gives  the  duration  of  the  shortest  twi- 
light. 

140.  The  same  analogies  for  the  solution  of  this  pro- 


9i  Tojind  the  Time  and  Duration 

blem,  have  been  deduced  from  a  stereographlc  pn^ 
jectio/7j  in  the  following  manner  : 

Project,  Having  described,  about  the  centres  P, 
m  and  n  (fig.  6,  PI.  IL),  the  primitive  circle  ^  H  Q 
representing  the  equator,  zOH  the  horizon,  and 
pSl  2L  parallel  thereto,  at  iS'^  distance  below  it, 
describe  from  the  centres  P,  ;/,  with  the  radii  P  iw, 
and  nS  —  ;/i  O,  two  arcs  intersecting  each  other  in 
C  ;  then  producing  the  right  line  ;i  C,  joining  those 
points,  it  will  meet  the  parallel  of  depression  pSl 
in  a^  the  point  through  which  the  parallel  of  the 
Sim's  declination  will  pass  on  the  day  the  proposed 
phenomenon  happens,  and  a  P^  the  right  line  join^ 
ing  those  points,  will  be  the  distance  of  the  parallel 
from  the  visible  pol^. 

Demonst.  Describe  the  circle  of  perpetual  ap|MU 
rition^  RB  O D,  and  the  arcs  t z(\ ag ,  pOj  xz^  &c. 
of  the  parallels  of  declination  intercepted  between 
pSl  (the  parallel  of  depression)  and  jsOH  (the 
horizon) ;  also  about  the  centre  C,  with  the  radius 
C  a  (=  m  O),  let  the  circle  K  M  be  described,  inter- 
secting  the  parallels  of  declination  in  w,  e,  tf,  f,  y,  &c. 
and  it  will  touch  the  parallel  circle  pi  in  /r,  by 
1 1  Euc.  III. ;  it  will  also  touch  the  circle  R  B  O  D, 
because  C  P  =  ;w  P,  by  construction  ;  and  it  will 
make  an  angle  aeh  with  the  equator  =  O  A  e,  the 
angle  which  the  horizon  makes  with  the  same  ;  and 
hence  the  parallel  arcs  u  rr,  e  h,  a  gj  i  Oj  y  z^  &c. 
intercepted  by  them,  will  be  similar,  and  consequently 
passed  over  by  the  sun  in  the  same  time,  which  will 
manifestly  be  less  than  the  time  in  which  the  cor- 
responding twilight  arcs  /  «',  /'  A,  p  r»,  x  Zy  &lc.  will 
be  passed  over,  except  the  twilight  arc  a  gj  which 
will  be  the  same,  and  will  therefore  be  the  shortest. 

Calcula.  Describe  the  vertical  circle  Z  a,  cutting 
the  horizon  and  equator  in  r  and  d  respectively,  and 
the  meridional  arc  P  g^  intersecting  the  equator  in  k ; 
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then  the  rigiit-sxigleii  jgrgrtn^  z£snsp^  ^  i  u  f  -  _ 
being  equiai^obr,  "^zL  bd  i»iri«ii7  ^:fi;^--^::*,  211. 
consequentlr  ad  =^  vC r  =  ^* ;  iraiscs*  anzt  i  •  = 
^ a  =  A ^,  we  haTe  racScs : cbe^. ii  -^  ii  iTj  ^Tit*  ^  <  < 
\=  sine  latitude  of  the  pisa^e  :  aut  if  z  ^*  '^ 
quired  declinarinn.  AJekx  2.  ize  irrr^^-H  :=3 
tf  cf  £/,  Aie  hare,  szie  tf  d  c  (<x  o^nie:  j  "arnnfr:  : 
oiad  0=  9%  half  the  r^'pr'^Tr^  - :  sons  :  2ie 
etf,  the  arc  of  the  equ^rcr  ryssu-r^g-  lad:  3e 
tion  of  the  shortest  rviEgfat  rei^uirgg.  *. 

141.  Hr.  Required  Ae  rrir.e  cf  ±fe  jga 
twilight  is  shortest  at  Cambriige,  als^^c 
of  the  twilight  at  that  tmer 


*  It  is  latbcr  ssrpnszs^ 
coDsideRd,  cnrm^  the  laut  cescsij.  3v 


I    *  ^^-  u  »• 


tidered  it  hare  fffi^ami    ttoox  tsA 

giTcn  abofve,  jet  some  pmana 

qucstioo  both  tbe  pnscfpTei  ca  vibfL 

cgcdcd,  izMi  the  foncfciMoo 

most  of  the^  ceosD?ers,  is 

has  been  applied  viih  so  mpcn  jt^ssrLrr  artt  inr-'-rt  n  i.i£  jsl3^ 

tioQ  of  th<s  problem  :  oc  mis  acrrtiar.  a;''^i'r.g:  ijc  ny  it?::  ^^rc 

two  inrestigatkcj  oa  pradptes  usrailT  :nfjezgss:iesz  df  ^sc:  --r^s- 
and  each  ancooiiccaed  witii  f?i.y-ji,^  :  lie  's:^  jb  rsirvza  v^o   jir. 
Viaces  i^riaciplfs  of  Aitnasmu,  xsd  m  3=.  "TCfr.'='^g:g:r  :i:>-n  ^ 
Cagmc^n  meiikod ;  the  oc!:er  ht  trtrrx'ig^  zrozi  :=e  ^^im  J^^  *• 
for  1767.     One  caa  hardlj  aeip  ccecr-TT  '-^  -^-*e  -vrc  gr-w- 
¥oar  to  amend  tbe  yJ;if;i.g  cf  :z:^  p*ider=.  «:cc:i  ^2-^  .--ris 
little  knowledge  of  tiae  flitieet  ca  snuci  rr.ej  jnsa.mt  '^  lerj^ie. 
oaotraxy  to  the  opinioo  of  hbe  sue  raneri  aad  zsmc^i^nc    ^/i^cs 
)Fct  in  thb  cgpectatioo  I  hacve  beea  'Laazzrjazisi .  !3^  ^  >^^  '•  .11. 
of  that  oaefol  work  the  Mmtkamariciti  k^paaarj.  a  lisr^ezzaa,  12s 
gWen  what  hecaOa  "  itf  arx-  S^J^tiom  f*  a  j»«i  .^-iiwrw/  :2e  tai- 
diision  of  which  xavolvea  this  arscrixr,  ts^  1  i^  .^rntin  znsc--*? 
than  lo**,  the  dedicatXQ  ^f  tbt  jcc  ii  i:e  -=:!t   :r  i5«>r:iit  nr- 
light  Biiit  be  such  tiat  d  u^  ^.-mil  c:^'UitLs^it3tj  i^Zi 
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Radius  io'oooooo(9  • 

Sine   fa"  tt'  35*  g'8977fig+ 

Tang.  9"  9'^997'a5 

Sine  7' 11' 35' decl.  ^'og-j^Zig 

Ccsine  52°  la'  35",  AC.  o*ai27oo4 
Sine   9»  9*»9433«4 

Radius  10*0000000 


Sine  14'  4/  a6'  9.4070338 

Here  the  declination  of  the  sun  answers  nearlj  n* 
Maich  adj  and  October  lath:  and  twice  i4<'4/sfi' 
converted  into  time,  gives  i  *>  fS*"  1 9'  for  the  duratioo 
of  the  shonest  twilight,  on  the  supposition  that  18^ 
U  the  proper  allowance  for  the  sun's  depression. 

14S.  Pbob.  IX.  Givai  the  latitude  of  the  plactg 
and  the  san's  declittattoHy  tojiitd  the  time  of  the  dn 
TchcN  the  hoHr-attgle  JHm  tiooMj  and  the  rtin't  azh 
muth  from  the  touth,  are  equal  to  each  other, 

Ex.  At  what  time  of  the  day,  on  February  19th, 
IS  the  hour^angle  from  noon  equal  to  the  sun's  azi- 
muth from  the  south,  in  latitude  51*  32'  X..? 

Let  H  Z  O  N  rfig.  7,  PI.  II.)  be  the  meridian  fi 
tlie  place,  P  B  S  ine  required  hour  circle,  and  Z  B  N 
the  required  azimuth,  or  vertical  circle ;  ironi  thdr    i 
iiiterscctioii,  B,  let  the  perpendicular  B  C  be  de>   | 
initted  upon  the  meridian,    llien  the  angles  CZB 
and  C  P  B  being  equal,  from  the  nature  of  the  pro* 
hicm,  aiiil  Ci'B  being,  by  spherics,  equal  to  t.'SB- J 
therefore  CZB  ^  CSB,  and  the  trianj^les  ZB<M 
and    S  B  C   are  equal   in    all    respects.     Hence  W^JH 
have,  in  the  tilaugle  S  C  B  right-angled  at  C,  S  Cs^' 
jSZr:j  Uiiiude  + V  =  15*46'  +45*^=  70"^^^^ 
and  SB  =  the  co-decUnarion  =  78*  39* »  "l 
the  angle  C  S  B  will  be  found  ■«  65'=  26',  and 
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^aently  the  ume  is  either  7^  38°*  16'  in  the  mom^ 
ing,  or  4^  21m  44«  in  the  afternoon. 

149.  Smce  the  triangles  ZCB^  and  SCB  are 
mutually  equal,  Z  B  the  co-altitude  is  equal  to  S  B 
the  co-declination,  and  the  altitude  and  declinatioa 
)re  equal:  when,  therefore,  the  sun's  declination 
and  the  latitude  are  of  different  kinds,  and  the  time 
is  required  when  the  sun's  altitude  is  equal  to  his 
declination,  it  may  be  found,  whenever  it  is  posable 
(that  is,  when  the  sun's  meridian  ;dtitude  is  equal  to, 
or  greater  than,  twice  the  declination),  by  means  of 
the  triangle  C SB,  as  in  this  prc^lenu  This  will 
be  much  easier  than  it  would  be  to  apply  the  ge« 
neral  method  adopted  in  Problem  V.  to  this  parti> 
cular  case. 

144.  Prob.  I.  Given  the  latitude  of  the  place 
and  the  declination  of  the  same  namCj  to  find  the 
beginnifig  and  end  of  the  hour  during  which  the 
tkadaw  of  an  object  zvill  be  increased  to  double  /Ar 
length. 

Ex.  The  latitude  of  the  place  is  52*  N.  and  the 
tun's  declination  ao**  N. ;  required  the  times  which 
vill  answer  the  conditions  of  the  problem  ? 

In  fig.  9,  PL  II.  which  is  an  orthographic  projec- 
tion of  the  sphere,  P  is  the  north  pole,  Z  the  zenith, 
HO  the  horizon,  EO  the  equator,  R  D  the  pa- 
rallel of  declination  in  which  the  sun  moves,  a  and  c 
tbe  places  of  the  sun  at  the  beginning  and  end  of  the 
iu^ur.  Put  s  and  n  for  the  sine  and  ca-sixie  of  Z  P 
(as  38^)  the  co-latitude,  c  and  m  fix  dbte  doe  23id  co- 
sine of  Pfl  or  Pc  (=  70**)  the  cfHJnrfiwtyg^  d  and 
p  ioKC  the  sine  and  co-sine  of  tf  Pc  :?  15^;  albrn  i  and 
yfor  the  sine  and  co-sine  of  Z  P  tf,t3ic  hoar  as^efrom 
noon  to  the  beginning  of  tiae  nopamd  hvjr :  then, 
by  trigonometry,  ps  +  dif:  a»s  pw  —  d z  %VA  \^ 
the  sine  and  co-sine  of  Z  P  c-  Br  TSfcK*-.  3,  pigt  1 5^ 
Turners  Projection  of  ike  Sf^^arrt^  w«  hav^  /c  v  + 
n m  for  the  raie  of  a  7,  aad  i  tfy  —  *  c  rf  -  -j-\  rr 


S6  Shadow  of  an  Object  doubted. 

une  of  cv :  therefore,  as  the  lengths  of  the  slui^ 
daws  of  an  object  on  a  plane  are  as  the  co-tangents 

of  the  sun's  altitudes,  we  have      '  — ^^3^  4-  »»    ^■ 

y/i-,cpy-77dx+nm* .  fromwhich equation V roar 

be  readily  exterminated,  and  x  found  =  '997^$^  ^^ 
of  8&^  1 5^  ne^ly  ;  this  gives  5**  45*  anad**  45"  for 
the  times  required* 

h45^  Or^  this  problem  may  b^  solved  by  trial  and 
crrour,  thus :  Since  the  lengths  of  the  shadows,  or  the 
cotangents  of  the  sun's  altitudes,  at  the  beginning  and 
end  of  the  required  hour,  are  in  the  ratio  of  i  to  s, 
it  is  evident  that  the  arcs  themselves  miist  also  be 
nearly  in  the  ratio  of  i  to  2,  and  therefore  the  re- 
quired hour  must  end  about  one  hour  before  the  tun 
sets  I  the  time  on  which  the  sun  sets,  as  found  by 
Prob*  L  is  about  7"  52' ;  therefore  we  may  suppose 
the  times  to  be  5*^  50™  and  6*^  50™.  The  tangents  of 
the  sun's  altitudes  at  these  times  (found  by  the  converse 
of  Prob* V.) are  •3083957  and  •  145 8842,  or  as  2*ii5 
to  1 9  and  these  are  inversely  as  the  shadows  or  co» 
tangents^  therefore  the  errour  is  •!  15.  In  order  to  cor- 
rect this  assumption,  let  the  tangents  of  the  altitudes 
at  the  times  $^  40^  and  6^  40'"  be  found,  these  will  be 
•3466068  and  •1736338,  or  in  the  ratio  of  2*03 1  to 
I,  therefore  the  errour  here  is  '031  ;  hence  we  have 
•084,  the  difference  of  the  errours  :  -03 1  the  least 
ti  lo"",  the  difference  of  the  corresponding  times, 
:  3"*  41*,  which  added  to  the  last  assumption,  will 
give  5**  43"*  41%  for  the  beginning  of  the  hour. 
This,  corrected  by  another  similar  operation^  gi^^ 
5**  44^^  45»  and  6'^  44"*  45',  for  the  times  required ; 
agreeing  very  nearly  with  the  result  of  the  first  so- 
lution* 

146.  Prob.  XL  Given  the  latitude  of  the  place; 
to  find  the  sun's  declination ^  xchen  the  skadaiv  of  a 
perpendicular  object  shall ^  after  a  certain  number  of 
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hours^  be  projected  towards  the  point  of  the  horizon 
at  which  the  sun  rose. 

Ex.  In  the  latitude  0/51**  30'  N.  I  observed  the 
sun  to  rise  on  a  certain  point  of  the  compass,  and 
eleven  hours  after  the  sun  had  arisen  I  perceived  my 
shadow  to  be  projected  towards  the  same  point ; 
what  was  the  sun's  declination  at  the  time  of  these 
observations  ? 

Let  ESWN  (fig.  10,  PL  II.)  represent  the  plane 
of  the  horizon,  E,  S,  W,  N,  the  east,  south,  west, 
and  north  points,  Z  the  zenith,  and  P  the  north 
pole ;  R  the  point  where  the  sun  rises,  and  O  his 
place  when,  the  shadow  is  projected  towards  R.  Let 
the  arches  PR  and  PO  be  drawn,  then  will  the 
angle  OPR  be  equal  to  15^X11  or  165*';  put  m 
and  n  for  the  sine  and  co-sine  of  82^  30^,  half  this 
angle ;  s  for  the  sine  of  51^  30',  the  given  latitude  ; 
and  X  for  the  complement  of  the  sun's  declination  at 
rising :  then,  supposing  the  declination  to  continue 
invariable  for  eleven  hours,  or  P  R  r:P  O,  we  shall 
have  \  I  s  :  I  mi  m  Xj  the  sine  of  half  O  R ;  its 

co-sine  ther^ore  is  v  1  —  /;/»  x^*    Hence  2  m  ^  X 

\/i— w*j'*  will  be  the  sine  of  OR,  as  is  shewn  by 

the  writers  on  trigonometry :  also,  2  nt  x  y/i—irv-  a* 

\  %mn\\  X  \     /-j-j — ,—    the  sine  of  P  R  O  ;  and 

x\  1  : :  J  :  — ,  the  sine  of  P  R  N.    But  these  angles 

PRO  and  PRN  are  the  complements  of  each 
other  J  and  therefore  as  the  sum  of  the  sines  of  an 
angle,  and  of  its  complement,  is  equal  to  radius,  we 

have,  by  squaring,—  +  J'^^  ^,,  ==  1 :  this  equation 
reduced   (by  substituting    m^  for    i  —  /?')>    8^^^^ 


x\  —  I  -f-  jr»  X^*= \y    whence,  by   completing 

Ae  square,  &c.  we  get  xzijl^  +     /i±£)^-^ 


H 
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=  •985077,  the  natural  sine  of  80^5'  19'.  Conse- 
quently the  sun's  decHnation  was  9°  54'  41',  antj  the 
days  April  15  and  August  28. 

It  must  be  evident  that  the  declination  is  of  the 
snijtc.  kind  as  the  latitude ;  for  when  the  declina- 
tion is  of  a  different  kind,  ihe  sun  cannot  be  on  two 
opposite  azimuths  during  the  lime  he  is  above  the 
horizon. 

147.  PaoB.  XII.  Giten  the  latitudes  of  hvo plavcs 
071  the  same  niendiau^  anit  on  the  same  side  of  the 
equator;  to  f ml  the  time  when  the  altitude  of  the 
salt  zfilt  be  ce/iail  at  each  place. 

iLx.  In  the  latitudes  of  30^  and  50°  north,  on  the 
same  meridian,  on  the  21st  of  June  in  the  morning, 
it  is  required  to  determine  the  exact  instant  when 
the  sun's  altitude  will  be  equal,  if  observed  at  both 
places  ;  also  the  altitude  at  that  time  ? 

Put  (/  —  '642787,  natural  sine  of  the  complement 
of  the  grealcr  latitude,  and  //  =  766044,  the  co-sine ; 
rf— ■oi72(j2.  sine  of  66°  ■^2',  the  co-decIi!iation  of 
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37®  37'  17%  the  altitude  of  the  sun  at  both  latitudes, 
on  the  time  just  found. 

1 48.  On  a  slight  consideration,  it  might  appear  as 
though  this  problem  were  impossible ;  for  as  the 
sun's  meridian  altitude  is  greater  at  the  latitude  of 
30®  than  at  the  latitude  of  50^,  by  the  diflference  of 
latitudes,  it  might  be  concluded  that  the  sun's  altitude 
could  at  no  one  instant  be  the  same  at  both  places. 
But  it  should  be  recollected,  that  the  parallel  in 
which  the  sun  moves,  is  much  nearer  a  perpendicular 
to  the  horizon  in  the  less  latitude  than  in  the  greater, 
and  of  course  the  sun's  apparent  motion  is  quicker 
in  the  former  than  in  the  latter.  Hence  the  sun 
rises  latest  at  the  less  latitude,  but  as  he  ascends  his 
altitude  increases  faster  than  in  the  greater  latitude, 
till  it  is  equal  at  both  places ;  after  which  the  alti- 
tude  at  the  less  latitude  contifkues  to  increase  faster 
than  at  the  greater,  until  the  sun  arrives  at  the  meri- 
dian, when  the  difference  of  the  altitudes  is  a  mcuu' 
mum. 

149.  Prob.  Xin.  Given  the  latitude  of  the  place 
and  the  sun^s  decUfuitum  ;  to  Jiud  to  what  height  a 
person  must  be  raised  perpendicularly  so  as  Just  to 
see  the  sun  at  midnight. 

Ex.  To  what  height  must  a  person  be  raised  above 
the  city  of  London,  on  the  21st  of  June  at  midnight, 
so  that  he  may  see  the  sun's  upper  limb ;  reckoning 
3980  miles  for  the  radius  of  the  earth  ? 

On  the  2 1  St  of  June  the  sun  describes  the  parallel 
of  23^  28'  north  declination,  corresponding  to  the 
parallel  of  latitude  a  b  (fig.  11,  PI.  II.):  H  R  re« 
presenting  the  horizon,  and  £  L  the  equator,  L  R 
will  be  the  complement  of  the  latitude  :  also,  b  being 
the  point  directly  under  the  place  of  the  sun  at  mid* 
night,  b  R  corresponding  to  the  midnight  depres- 
sion, will  be  equal  to  L R  (the  co-latitude)  —  Lb 
(the  declination)  =  38°  28'  —  23^  28'  =  1 5^.  From 
this  subtract  the  sun's  apparent  semi-diameter  15^46^ 
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(Tab.  IV.);  the  remainder,  corrected  for  parallax^ 
gives  14°  44'  22^  for  the  apparent  depression  of  the 
sun's  upper  limb.  Draw  S  P  a  tangent  to  the  tur- 
face  oi  the  earth,  making  an  angle  r  S  B  with  a  pa« 
railel  S  B  to  the  horizon  z:;  14^  44^  22^,  and  meet- 
ing  the  vertical  line  C  R,  produced  in  S  i  then  S  will 
be  the  point  to  which  the  person  must  be  raised^  ao 
that  he  may  just  see  the  sun's  upper  limb,  in  the  di» 
rection  SP  of  the  tangent  to  the  earth's  surface. 
Hence,  in  the  right-angled  triangle  C  S  P,  will  be 
known  C  P  =  3980,  and  the  angle  S  C  P  =  B  S  P 
(each  being  the  complement  of  C  S  P),  to  find  C  S  : 
thus,  as  co-sine  14^  44^  22^  :  C  P  =  3980  : :  radius 
:  SC  z=  4115*4283  miles,  from  which  C  R  =  CF 
beine  taken,  leaves  135*4283  mile»  =:  R  S»  the 
height  required. 

In  this  solution  no  regard  has  been  paid  to  tilt 
effect  of  the  atmosphere  in  refracting  and  reflectiK 
the  rays  ;  indeed  it  would  be  far  from  an  easy  tasK 
to  reduce  this  to  calculation  in  the  present  instance* 

150.  Prob.  XIV.  To  determine  the  time  the  $un 
iV  passing  the  meridian^  or  the  horizontal^  or  per* 
pendicular  wire  of  a  telescope. 

Here  we  again  refer  to  fig.  4,  PL  II* ;  in  whkb 
suppose  m  r  to  be  the  apparent  diameter,  dj  of  the 
sun,  estimated  in  seconds  of  a  great  circle;  then» 
since  the  seconds  in  7/2  ;*,  considered  as  part  oft 
small  circle,  must  be  greater  in  proportion  as  the  ra- 
dius is  less  (because  when  the  length  of  the  are  ii 
given,  the  angle  from  the  centre  is  inversely  as  tlw 
radius),  we  have  sine  N  /*,  or  co-sine  dedinatioQ  f  r 
:  radius  : :  seconds  d  m  mr  oi  z  great  circle  :  m 
seconds  in  mr  of  the  small  circle  a  h^  which .  nc 
equal  to  the  seconds  inpqj  equal  to  the  angle  ^Nf 
Consequently  the  angle  pN  q  zz  d  divided  by  cosine 
of  declination,  radius  being  unity ;  or,  since  the  a^ 
cant  is  universally  a  third  proportional  to  the  cXMbt 
and  radius,  or  the  secant  inversely  as  the  ochiof^ 
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p^ q  ^1  d  X  secant  declination.  But  this  angle 
measures  the  time  the  sun  is  passing  over  the  meri- 
dian ;  and  as  the  motion  is  performed  at  the  rate  of 

1 3^  of  a  great  circle  to  i  -  of  time,  we  have ^, - 

ioT  the  time  in  which  the  diameter  transits  the  meri- 
dian. 

151.  If  the  sun's  diameter  p  ^  in  right  ascension 
were'  required,  it  would  be  found  by  multiplying  ihc 
seconds  in  the  apparent  diameter  by  the  secant  of 
the  declination  :  thus,  suppose  3i'izi86o%  the  sun's 
diameter,  and  i8^  the  declination;  then  i86o^X 
I '0514  =  32'  35^'6,  the  diameter  in  right  ascen- 
jiion. 

15f .  The  time  in  which  the  sun  passes  across  the 
horizontal  wire  of  a  telescope,  is  manifestly  the  same 
as  the  time  in  which  he  ascends  through  a  perpendi- 
cular q>ace  equal  to  his  diameter.  Suppose  ;*  <s  = 
44  the  ^un's  diameter,  then  because  p  q  zi  r  s  X 

: — ;     '^^ . r—    f  Art   I'iaO;  it  it  ^tl^o  n  (/  X 

— ; — 5 : '. — ,  and  therefore  the  time  will  be 

co-sme  laU  X  sine  azim.' 

J   ,        d  radius  *  xr  /  •  i 

expressed  by  — :,  x  — . — ,  --  -. :—.   lrt/,mstcaa 

*  ^5       co-sinc  lat.  X  sine  azim.  ' 

of  representing  the  diameter  of  the  sun,  be  put  for 
33'  z:  1980^,  the  horizontal  refraction,  the  same 
expression  would  enable  us  to  determine  the  time 
in  which  the  sun,  as  affected  by  refraction,  rises 
earlier  than  it  would  otherwise  do ;    and  here,  as 

I2?j:  =  i.2\  we  have  1 32'^  X       ■     /f""' r- 

xc"  o     ^  *'  ^  co-sme  lat.  X  sine  azini. 

for  the  interval  sought.  This  formula  will  assist  us 
in  finding  the  correct  time  of  the  sun's  rising  and 
setting,  in  a  rather  easier  manner  than  that  described 
in  Art.  122. ;  provided  we  take  no  notice  of  parallax 
and  the  change  of  declination. 

1 53.  The  time  occupied  by  the  sun  in  passing 
across  the  vertical  wire  of  a  telescope,  is  the  same  as 
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the  time  In  which  his  horizontal  motion  is  equal  to 
his  diameter;  therefore,  in  this  case,  we  suppose 
ms  zn  d.  Now,  the  triangle  mrsj  on  account  of 
its  minuteness,  being  supposed  rectilinear,  and  i 
being  a  right  angle,  we  have,  sine  s  r  m  :  sine  smr 

: :  mm  sr  zz,  ms  y,  tlUli!!!! .  therefore  (Art, itaA 

sine  arm^  ^  »/     ^' 

^  .  .  sine  sm  r  y.  radius  *  _    ^  * 

pQ  zi,  ms  y,  -: X  "' z '• zz  m$ 

-»  ^       ,    f        r^  g^^^  srm        sine  smr  x  co-sine  q  r 

X  -^^ ^^-^ — ■' ;  and,  consequently,  —5,   X 

— : — „  '^/^^ : — J —  expresses  the  time  in  which 

co-sinc  Z  r  N  X  co-sinc  dec.        *^ 

the  sun  would  pass  the  vertical  wire  of  a  telescope. 

154.  Prob.  XV.  Given  the  latitude^  the  wn^i 
place  in  the  ecliptic^  and  the  hour  of  the  dayi  to 
find  the  angle  made  by  the  horizon  and  ecliptic^  or 
(as  it  is  called  J  the  height  of  the  nonagesimal  A- 
gree  ;  the  point  of  the  ecliptic  ascending^  the  point 
of  the  7ionagesimal  degree ;  the  azimuth  of  the  as- 
cending points  the  point  culminating  J  its  altitude^  ^c. 

Let  H  Z  R  C  (fig.  12,  PI.  ll.y  be  the  meridian, 
HR  the  horizon,  Z  the  zenith,  DQ^the  equinoc« 
tial,  P  its  pole,  C  A  M  the  ecliptic,  E  the  first  point 
of  aries,  S  the. place  of  the  sun,  PSB  an  hour 
circle,  A  the  point  of  the  ecliptic  intersecting  the 
horizon,  called  the  descending  point ;  N,  at  the  dis- 
tance of  90°  from  A,  the  highest  point  of  the  ecliptic, 
and  Z  N  G  a  vertical  circle. 

The  place  of  the  sun  at  S  being  given,  his  righ^ 
ascension  £  B  is  readily  found,  either  by  calculatioi^ 
or  by  the  tables.     And  the  hour  being  known,  th^ 
arch  of  the  equinoctial  B  Q,  measuring  the  hour* 
angle  BPQ,  will  be  given,   and  consequently  th^ 
complement  B  O.     'I  herefore  the  difference  of  £9 
and  B  O  is  given,  that  is,  E  O.     Consequently,  in. 
the  oblique  spherical  triangle  AE  O,  there  are^vcn 
the  angle  A  K  O  the  obliquity  of  the  eclipdc,  AOE 
the  complement  of  the  latitude,  and  the  side  E  O9 


of  the  Nonageshnal  Degree.  1 05 

whence  the  other  angle  and  sides  may  be  determined. 
Therefore  we  shall  have, 

155.  The  angle  EAO,  and  its  supplement  SAO, 
which  is  the  angle  made  by  the  horizon  and  the 
ecliptic,  and  is  measured  by  the  arc  N  G,  the  height 
of  the  mnagesimal  degree  *. 

•  When  wc  know  the  latitude  of  a  place,  the  apparent  time 
St  that  place,  and  the  obliquity  of  the  ecliptic  (23^  28),  the  al- 
titude of  the  nonagesimal  degree,  and  its  longitude,  may  in  general 
be  found  very  readily  by  observing  the  following  precepts  : 

isl.  T^find  the  altitude  rf the  wmagesimtd  degree.  Find  the  right 
ascension  of  the  mid-heaven,  by  adding  to  the  given  time  the 
sun*8  right  ascension  at  that  time,  allowing  for  the  difference  of 
meridians  between  the  place  and  Green wich^  and  convert  it  into 
degrees  and  minutes :  then, 

increased  by  90* 


subt.  from27o 

subt.  from  270 

Jessen'db)»7o 


If  the  right  as-  f     o*  and    90^  ^  the  ?aid  right 
tension  of  the  I    00  180    I  ascen.  of  the 

mid-heaven   isl  180  270    |  mid-heav.  in' 

between  V^70  360  J  deg.aiid  min. 

will  give  an  arc  or  angle,  which  call  A  ;  then  to  twice  the  loga* 
rithmic  sine  of  half  the  arc  A,  add  the  constant  logarithm  9*901 1 5, 
and  the  logarithmic  co*sine  of  the  latitude  of  the  place  reduced  to 
the  earth's  centre;  find  the  natural  number  corresponding  to  this 
lo^rithm,  and  take  it  from  the  natural  co-sine  of  the  difference 
between  66^  32  (the  complement  of  23^  28)  and  the  reduced 
latitude  of  the  place,  the  remainder  is  the  natural  co-sine  of  the 
altitude  of  the  nonagcsimal  degree. 

When  the  index  of  the  sum  of  the  four  logarithms  is  39,  38, 
37,  36,  &c.  the  number  of  places  in  the  corresponding  natural 
number  is  {,  4,  3,  2,  &c. 

The  latitude  of  the  place  may  be  reduced  to  the  earth's  centre, 
by  a  table  for  this  purpose  \t\  Mjer's  Tables i  or,  very  readily, 
by  Mr.  Evanses  rule  given  in  a  note  to  Art.  659.  of  this  work. 

2dly.  To  find  the  longitude  of  the  nonagesimal  degree.  To  the  arith. 
comp.  of  logarithmic  sine  of  the  altitude  of  the  nonagesimal  de- 
gree, add  the  logarithmic  sine  of  the  arc  A,  and  the  logarithmic 
co-sine  of  the  reduced  latitude  of  the  place;  the  sum,  deducting 

10  from  the  index,  is  the  logarithmic  sine  of  an  arC|  which  call 

B:  and 


When  the  right 
asceo.  of  the 
mid-heaven  is 
between 


o'^and   90 ^^  the  arc  B  subt.  from    90 

90          180  the  arc  B  added  to      90 

180         270  the  arc  B  subt.  from  270 

270         360  the  arc  B  added  to    370 


o  ^ 


Sis 


the  longitude  of  the  nonagesimal  degree. 
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1 56.  The  side  A  E  will*  be  known,  and  therefore 
the  point  A  of  the  ecliptic  descending  will  be  fouad^ 
and  consequently  the  opposite  point  is  determined, 
namely,  the  ascending  point  of  the  ecliptic. 

\57.  The  side  A  O  will  also  be  known;  this  18  ibt 
azimuth  of  the  descending  point  in  the  westj  or  rf 
the  ascending  point  in  the  east. 

158.  By  adding  AN,  or  90^,  to  E  A,  we  get  the 
arch  E  N,  which  gives  the  longitude  of  the  highest 
point,  or  o(  the  nonagesimal  degree. 

\59.  AG  and  OR  are  both  quadrants,  there** 
fore  G  R  =  A  O  :  but  G  R  is  the  azimuth  of  the 
nonagesimal  degree  from  the  south. 

1 60.  To  find  the  ctdminating  pointy  or  that  point 
which  is  on  the  meridian,  we  must  add  the  quadrant 
OR  to  A O ;  then,  in  the  right-angled  spherical 
triangle  ARM,  there  are  given  A R  and  the  angle 
MAR  found  before,  to  determine  the  hypothenuse 
AM  ;  this  added  to  A£,  already  known,  gives. EM, 
the  distance  of  the  culminating  point  M  of  the  eclip- 
tic, from  E  the  first  point  of  aries. 

1 6  J  •  The  side  R  M  of  the  same  triangle  MAR 
is  easily  found,  and  is  the  altitude  of  the  culminating 
point  of  the  ecliptic :  and  the  angle  A  M  R  of  the 
same  triangle  is  the  intersection  of  the  ecliptic  with 
the  meridian,  or  the  meridian  ans;le. 

1 6'i2.  The  angle  Z  S  M,  which  the  vertical  circle 
makes  with  the  ecliptic,  is  sometimes  called  the  pa- 
rallactic  anglcj  and  is  thus  found:  In  the  right- 
angled  triangle  Z  S  N,  the  sides  Z  N,  N  S,  are 
given;  for  ZN  is  the  complement  of  N  G,  and 
NS  is  the  complement  of  AS,  orof  ES— EA; 
consequently  the  angle  Z  S  N  may  soon  be  found. 
Or  it  might  be  found  by  the  triangle  Z  M  S,  where 
ZM  and  angle  ZMS  are  given,  and  MS=MA— - 
AS;  to  determine  Z  S  M. 

103.  In  the  same  triangle  the  side  ZS  may  be 
found,  and  is  manifestly  the  sun's  zenith  distance. 


A  Scheme  of  the  Heavens^  1 05 

l€4.  The  angle  which  the  vertical  circle  ZS 
makes  with  a  less  circle  FIK,  at  a  given  point  I, 
may  thus  be  found :  Let  the  vertical  circle  cut  the 
horizon  in  T,  and  let  MSA  be  the  ecliptic,  or  anj 
great  circle  parallel  to  FIK.  Through  the  given 
point  I  draw  I L,  perpendicular  to  M  S  A ;  then  the 
angle  Z  S  N  is  known,  by  the  last  article,  and,  of 
course,  in  the  right-angled  triangle  I S  L,  are  given 
the  angle  I S  L,  and  the  ^de  I L,  the  distance  of  the 
parallel  from  its  great  circle ;  whence  the  angle  S I L 
may  be  found,  and  this  is  the  complement  of  K I S, 
or  Z I F,  the  required  angle. 

165.  Or,  if  SAT  and  AT  are  known;  then, 
in  the  triangle  AST,  we  have  co-sine  A T  :  co-sine 

r*  »        •        A  1  co-sine  S         i        •      i 

5.  :  :  rad.  :  sme  A  zz  rad.  X  co-sine'A  T  >  ^^^'  ^  ^"^ 
triai^gle  S I L,  co-sine  I L  :  co-sine  S  :  :  rad.  :  sine 

-  ^  co-sinc  S.  co-sine  S. 

*  =  ™^-   X   co->i.c  1  L-    Therefore,  j^-^^Tat  • 

co-sTne  J  L  *  '  ^me  A  :  sme  I  j  or,  as  co-sme  I L  :  co* 
sine  AT::  sine  SAT:  co-sine  K I  S. 

166.  Prob.  XVI.  Given  the  time  and  placc^  to 
erect  a  scheme  or  figure  of  the  heavens. 

Let  HMRC  (fig.  13,  PI.  11.)  be  the  meri^lian, 
H  R  the  horizon,  D  Q^the  equator,  MAC  the  eclip- 
tic Find  the  point  M  of  the  ecliptic  that  culminates 
at  the  given  time  (Art.  140.),  and  D  its  right  ascen- 
sion  :  then  to  the  right  ascension  D  add  30^,  60^,  90^, 
&c.  respectively,  or  in  the  equinoctial  D  Q,  make 
D  B,  B  I,  I  O,  O  T,  &c.  each  equal  to  30^ ;  and  thus 
determine  the  points  B,  I,  O,  T,  V,  &c.  Through 
these  points  describe  the  circles  of  position  H  B  R, 
H  I  R,  H  T  R,  &c. ;  the  points  N,  K,  A,  L,  S,  &c. 
where  these  circles  intersect  the  ecliptic  are  called 
cusps.  A  is  the  cusp  of  the  first  house,  L  that 
of  the  second,  S  of  the  third,  C  of  the  fourth ; 
the  fifth,  sixth,  seventh,  eighth,  and  ninth,  fall  in 
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the  opposite  hemisphere ;  M  is  the  cusp  of  the  tendi, 
N  of  the  eleventh,  K  of  the  twelfth  house.  Then, 
to  find  these  points  of  the  ecliptic,  we  must  proceed 
as  follows:  In  the  right-angled  spherical  triangle 
H  D  B,  are  known  D  H  the  complement  of  the  latiw 
tude,  D  B  an  arc  of  30^  ;  to  find  the  angle  D  B  H, 
or  angle  of  position  with  the  equator :  also,  in  the 
several  ri^ht-angled  triangles  H  D  I,  H  D  O,  H  D  T, 
&c.  the  side  H  D  common  to  each  is  known,  and 
the  sides  D  I,  DO,  D  T,  &c. ;  to  find  the  angles  of 
position  at  1 ,  O,  T,  &c.  Again,  in  the  oblique  tri* 
angle  E  B  N,  are  given  £  B,  the  angle  E  B  N  = 
D  B  H,  and  B  K  N ,  the  obliquity  of  the  ecliptic }  to 
find  E  N,  the  distance  from  the  equinoctial  point  £• 
In  like  manner,  in  the  several  oblique  triangles  £IS[^ 
EOA,  ETL,  EVS,  &c.  there  are  given  respec- 
tively the  sides  E  I,  E  O,  E  T,  E  V,  &c.  the  angles 
at  I,  Oy  T,  V,  &c.  and  in  each  of  them  the  angle 
£  :  whence,  the  sides  E  K,  E  L,  E  A,  E  S,  &c.  will 
be  determined  ;  and  therefore  the  points  of  the  eclip- 
tic in  which  the  cusps  of  the  several  houses  are 
placed,  will  be  known :  for,  the  7th  and  ist,  the 
8th  and  2d,  the  9th  and  3d,  the  loth  and  4th,  the 
nth  and  5th,  and  the  6th  and  12th,  are  diametri- 
cally opposite  to  each  other.  The  first  is  in  the  ho- 
rizon on  the  eastern  side,  and  is  called  the  ascendant 
or  horoscope^  on  the  orient ;  the  fourth  is  in  the  me- 
ridian below ;  the  seventh  is  on  the  horizon  towards 
the  west ;  and  the  tenth  is  in  the  meridian  above. 
The  positions  of  the  twelve  houses  thus  determined, 
only  answer  for  the  instant  of  time  for  which  they  are 
calculated,  or  for  the  expiration  of  every  ^dereal 
day,  reckoning  from  that  instant :  at  all  intermediate 
parts  of  the  day,  different  points  of  the  ecliptic  co- 
incide with  the  horizon ;  and  therefore  the  calcula- 
tion must  be  repeated  on  the  same  principles. 

16*7.  Most  of  the  terms  explained  in  this  problem 
belong  peculiarly  to  Astrology;  an  art  which  was 
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made  a  subsidiary  branch  of  the  sdcnce  of  A4irc» 
nomjf  from  the  time  of  Fiolcuty  till  Ktplrr^  er 
rather  later:  but  as  the  prindples  on  which  a^ 
trology  b  founded  are  tniOing,  absard,  £mciful« 
and  unsatisfactory,  while  those  on  which  the  £ibiic 
of  astronomy  is  erected  are  solid,  perm^ieac,  har- 
monious, and  consistent  with  the  soundest  reason- 
ing, the  unnatural  union  between  them  is  now  com- 
pletely broken.  Still,  however,  it  was  thought  ex- 
pedient to  insert  this  problem,  as  it  may  be  some- 
times useful,  though  what  it  assists  us  in  detemun- 
ing  may  be  sought  under  other  names. 

Paoblems  relating  to  the  Stars. 

1 6^.  In  the  solution  of  the  following  problems  re- 
specting the  fixed  stars,  we  suppose  their  right  as- 
censions and  declinations  to  be  known;  for  they 
may  readily  be  foimd  for  any  given  period,  by  means 
of  those  tables  of  the  stars,  in  which  not  only  the 
right  ascensions  and  declinations,  but  the  annual  va- 
riations are  given.  But  it  sometimes  inay  be  neces- 
sary to  find  the  right  ascensions  and  declinations, 
having  the  longitudes  and  latitudes  given  :  in  which 
case  we  may  proceed  exactly  as  in  Art.  6^.  only  con- 
sidering E  Q^as  the  ecliptic  (fig.  1 1,  PI.  I.)  and  K  C 
the  equator.  Or  we  may  here  also  adopt  with  advan- 
tage another  valu«d>le  rule,  given  by  E>r.  Ma^kelynt, 
which  will  enable  us  to  find  the  right  ascension  and 
declination,  having  the  latitude,  longitude,  and  ob- 
liquity of  the  ecliptic. 

] .  Sine  longitude  -H  co-tang,  latitude  —  i  o  zz  co- 
tang,  arc  A,  which  call  Nortli  or  .south,  according  as 
the  latitude  is  north  or  muth.  2.  C  all  the  obliquity 
of  the  ecliptic  uorth  in  the  first  semicircle  of  longi- 
tude, and  south  in  the  second.  Let  the  sum  of  arc 
A,  and  obliquity  ecliptic,  according  to  their  titles,  z: 
arc  B  with  its  proper  title.  3.  The  arithmetical  comp. 
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of  co-sine  arc  A  +  co  sine  arc  B  +  tang.  l(»ig.  — -  to 
r:  tang,  of  right  ascemion^  of  the  same  kind  as  did 
longitude,  unless  arc  B  be  more  than  90^,  in  which 
case  the  last  quantity  found  of  the  same  kind  as  the 
longitude  must  be  subtracted  from  twelve  signs,  or 
360^.  4*  The  sine  of  right  ascension  +  tang,  arc  B— - 
10  zr  tang,  of  the  required  4eclinatianj  oiihe  same 
title  as  arc  B.  N.B.  If  the  right  ascension  be  found 
near  0%  or  near  180%  for  i^  sine  in  the  last  open^ 
dbn,  substitute  its  tangent  +  its  co-sine  — >  i  o }  or 
the  last  operation  will  be  tang.  A  R  +  co-sine  A  R  -4-^ 
tang,  arc  B  •—  20  z:  tang,  declination  :  where  A  R 
is  put  for  right  ascension. 

1 6p.  When  the  declination  of  a  star  is  known,  its 
meridian  altitude  may  readily  be  found  at  any  given 
latitude ;  for,  if  the  latitude  and  declination  be  both 
norths  iJF  it  comes  on  the  meridian  to  the  southj  the 
meridian  altitude  will  be  equal  to  the  sum  of  the  de- 
clination and  the  comp.  of  the  latitude  of  the  place : 
or,  if  it  be  a  circumpolar  star^  its  meridian  alti- 
tude towards  the  north  will  be  equal  to  either  the 
sum  or  the  difference  of  the  latitude,  and  co-declina- 
tion, or  polar  distance :  when  the  declination  is  south 
and  the  latitude  northj  the  declination  taken  from 
the  CO  latitude,  leaves  the  meridian  altitude ;  if  the 
declination  be  greater  than  the  co-altitude,  the  star 
never  appears  above  the  horizon.  This  must,  after 
what  has  been  said  in  Art.  61.  be  too  evident  to  need 
any  formal  proof. 

1 7(>«  The  distances  of  any  two  stars  may  be  found 
from  their  latitudes  and  longitudes;  or  from  their 
right  ascensions  and  declinations,  by  the  method  ex- 
plained at  Art.  67.  We  may  therefore,  without 
rarther  observations,  enter  upon  the  problems. 

171.  Prob.  XVlI.  To  Jind  when  any  known  Jired 
star  will  culminate,  or  be  on  the  meridian,  on  a 
given  iky. 

This  problem  comprehends  two  cases,  which  may 
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be  separately  considered.  Firsts  when  the  place 
18  an,  or  near,  the  meridian  of  Greenwich :  subtract 
the  sun's  right  ascension,  for  the  proposed  day  at 
noon,  from  the  right  ascension  of  the  given  star; 
the  difference  will  be  the  time  of  the  star's  culminate 
ing,  nearly.  Then  say,  as  twentv-four  hours  are  to 
the  daily  diange  of  the  sun's  right  ascension,  so  is 
the  apprc^mate  time  of  culminating,  to  a  fourth 
number,  which  being  subtracted  from  the  approxi- 
mate time,  will  give  the  true  timem  If  this  time  be 
less  than  twelve  hours,  the  star  culminates  in  the 
afternoon  ;  but,  if  it  be  greater  than  twelve,  the  ex- 
cess above  twelve  will  shew  the  time  on  the  next 
morning*  This  made  less  by  the  daily  change  of  the 
sun's  right  ascension,  will  give  the  time  of  culminat- 
ing on  the  given  morning.  N.  B*  When  the  sun's 
right  ascension  is  greatest,  twenty-four  hours  must  be 
added  to  the  star's  right  ascension. 

Ex.  I.  On  the  8th  of  April  i8oi,  at  what  hour 
will  the  star  called  tir gin's  spike  be  on  the  meri- 
dian of  London  f 

Here  the  right  ascension  of  virgin's  spike  on  Ja- 
nuary I,  i8oo,  is  13^  14*40**11,  and  the  annual 
variation  is  3*'i37>  whence  we  get  3**98  for  the  cor- 
rection, to  April  8  :  therefore 

Virgin's  spike's  right  ascen.  April  8      13**  r4'"44* 

Sun's  right  ascension,  noon  do.       •        170 

« 
Approximate  time  of  culminating  12     7    44 

Then  24^ :  3™  40»(diff.  R  A) : :  1 2»»  8"  :    o     i    51 

True  time  of  culm.  5"*  S3*  ^^^  midnight  12     5    53 

This  made  less  by  3™  40*,  gives  2"*  13^  A.M.  for 
the  accurate  time  of  coming  to  the  meridian  on  April 
8,  I 801. 

Ex.  2.  Find  the  time  when  virgin^ s  spike  will  be 
on  the  meridian  at  London,  on  October  Btii,  1801. 
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■  Virgin's  spike,  right  ascen.  Oct,  8      1 3**  1 4"  45f  • 
Sun's  right  ascension,  noon,  do.        12    54   1 1 

Time  of  culminating     .     .     •     .        o  20  34^ 

17-»  From  these  examples  we  may  draw  this  infer* 
cnce ;  those  stars  which  are  on  the  meridian  at  any 
part  of  the  year,  near  midnight^  will  in  the  opposite 
part  of  the  year  (L  e.  after  the  interval  of  six  months) 
be  on  the  meridian,  near  noovj  and  will  consequently 
be  under  the  horizon  in  the  evening,  unless  they  are 
circumpolar  stars* 

173.  In  the  second  case  of  this  problem,  the  time 
of  the  star's  culminating  is  required  at  a  place  which 
is  not  on  or  near  the  meridian  of  Greenwich  :  then, 
if  the  longitude  be  xvesfj  add  the  longitude  in  time 
to  the  approximate  time  of  culminating ;  or^  if  the 
longitude  be  east,  subtract  it ;  and  use  the  sum  or 
difference,  instead  of  the  approximate  time  of  ctilmi* 
nating :  observing  only,  in  the  latter  case,  that  if  the 
longitude  in  time  be  greater  than  the  approximate 
time  of  culminating,  tiben  the  minutes  and  seconds 
resulting  from  the  proportions  must  be  added  to  the 
approximate  time,  instead  of  being  subtracted  from 
it. 

Or^  find  when  the  star  is  on  the  meridian  of  Green- 
wich, and  allow  at  the  rate  of  10  seconds  of  time 
for  every  15®  of  longitude ;  which  must  be  subtracted 
from  the  time  at  Greenwich  for  places  in  xvtst  longi- 
tude, and  added  for  places  in  east  longitude.  For, 
as  the  sun's  right  ascension  varies  about  3"  56%  or 
nearly  four  minutes,  in  twenty-four  hours ;  4""  di- 
vided by  24  gives  lo*  for  the  variation  in  one  hour, 
or  15**  of  loneitude. 

Ex.  At  wh^  times  on  April  8,  1801,  will  the 
star  virgin's  spike  be  on  the  meridians  of  Philadel- 
phia, longitude  75''  20'  W.,  and  Pekin,  longitude 
ii6^2i'E? 
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n.      m.      s. 

Time  of  culminat.  at  London  or  Greenwich    12  5  53 
Then  15^  :  10' :  :  75^  ao^  :  o  o  50 

Remainder,  is  the  time  at  Philadelphia  125     3 


Again  :  time  of  culminating  at  Greenwich      ^^  5  53 
15^  :  10*  : :  116^  21'  :  i""  i8%  add  o  i   18 


12  7  n 


Therefore  at  5™  3*  after  midnight,  at  Philadelphia, 
virgin's  spike  will  tc  on  the  meridian  there  ;  and  it 
will  be  on  the  meridian  at  Pekin  7™  ii»  after  mid- 
night, April  8th  or  9th,  according  to  the  civil  ac- 
coimt. 

174.  Hence  it  appears,  that  the  same  fixed  star 
is  on  the  meridian  of  every  place  in  any  kingdom  of 
tnoderate  extent,  nearly  at  the  same  instant.  For  since 
there  are  only  10  seconds  of  time  between  the  in- 
stants when  a  fixed  star  is  on  the  meridians  of  two 
places  differing  1 5^  in  longitude,  any  less  difference 
of  longitude,  as  five  or  six  degrees,  will  cause  but  a 
very  inconsiderable  variation  in  the  times  of  culmi- 
nating.  We  may  also  take  it  for  granted,  that  aiiV 
fixed  star  is  on  the  meridian  at  nearly  the  same 
hour,  on  the  same  day  of  the  month,  for  many  suc- 
cessive years:  for  the  annual  variation  in  a  star's 
right  ascension  is  seldom  greater  than  three  or  four 
seconds,  and  this  in  forty  years  will  not  cause  a  differ^ 
ence  in  time  of  more  than  two  or  three  minutes. 

175.  Prob.  XVIII.  Tojind  u/u/tjiaed  ^tar  uiU 
be  on  the  meridian  ai  a  given  time. 

Add  the  sun's  right  ascension,  cofi'xted  for  the 
day  and  hour,  to  the  time  of  the  day  given,  the  sum  is 
^e  right  ascension  of  the  mid-hecccen  (note,  Art.  i  z^y^ ; 
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if  the  sum  be  more  than  24  hours,  deduct  24;  the 
remainder  being  sought  among  the  right  ascensions 
of  the  fixed  stars,  will  ascertain  what  star  will  bo  on 
or  near  the  meridian  at  the  time  proposed. 

Ex4  u  What  star  will  be  on  the  meridian  of  CaoQh 
bridge  at  9  o'clock,  P.M.  February  ao,  1801  ? 

b.      ID*      f« 

Given  time,  Feb.  20  .•.900 
Sun's  right  ascension  :  noon  •  22  13  54 
Variation  in  9  h o     t  49 

3^   15  43 


The  sum  lessened  by  24  hours,  gives  7*^  15"  43', 
for  the  star's  A  R.  This  corresponds  nearly  with 
the  A  R  of  p  canis  m'tnorisj  a  star  of  the  third  mag* 
nitude;  which  will  therefore  be  on  the  meridian 
about  the  given  time. 

Ex.  2.  What  fixed  star  will  be  on  the  meridian  of 
Ningpo  in  China,  longitude  120^  2  V  £•  on  April  14^ 
1 80 1 ,  when  the  dock  there  is  at  i  o^  P.M.  ? 

h.      m.      fl. 

Sun's  right  ascension,  Apr.  14      i   29     2 

Given  time 10     o     o 

Longitude  in  time,  add     .     •       8     i  32 

19  30  34 


This  right  ascension  corresponds  nearly  with  that 
of  3"  cygnij  a  star  of  the  4th  magnitude. 

1/0.  Had  it  been  required  to  find  on  what  day  of 
the  year  any  fixed  star  will  culminate  on  a  given 
hour ;  the  hour  given  must  then  be  taken  from  tht 
star's  right  ascension,  the  remainder  would  be  the 
right  ascension  of  the  sun  on  the  day  required. 

Ex.  On  what  day  of  the  year  1801  will  the  star 
aldcbaran  be  on  the  meridian  of  Greenwich  at 
8'' 14'n  30' P.M.  ?  ^ 


To  Jind  a  Star^ 8  Risings  Azimuth^  <15'C4      113 

h.      rn.      t. 

Aldebaran's  A«R.  1 8oi,  increased  by  24,  28  24  31 
Subtract  the  given  time      •     •    •    •    •      8  14  30 

is  the  sun's  A.R.       •    •    •    20  10     i 


This  agrees  very  neaiiy  with  the  sun's  A.R.  at  the 
given  hour  on  January  20,  which  is  therefore  the 
day  sought. 

177.  Pkob.  XIX.  To  find  the  time  on  xvhich  a 
known  fixed  star  rises  and  setSy  also  its  azimuth  at 
rising  and  settings  at  any  place  of  known  latitude^ 
on  a  given  day* 

The  latitude  of  the  place  and  the  star's  declina* 
tion  being  known,  the  hour  ai^le  from  rising  to 
culminating  may  be  found,  as  in  Prob.  i,  and  the 
azimuth,  as  in  Prob.  2.  The  time  on  which  the  star 
culminates  may  be  found  by  Prob.  17,  from  which 
the  time  of  rising  and  setting  may  readily  be  ob* 
tained. 

Ex.  On  January  i,  1801,  at  what  times  didc^^^^r 
rise  and  set  at  Cambridge,  and  what  was  the  azimuth 
at  rising  and  setting  ? 

h.     m.     s. 

Castor's  A.R.  Jan.  I,  1 801    ...     7  21  52 

Sun's  A.R.  noon,      ditto      .     «     .  18  46  31 

»  ■  ■    ■     — 

Approx.  time  culmin.      .     .     .     .     12  35  21 
24^ :  4™  22* : :  i2|''  :  2"'  i'6'  add       o     216 

True  time  of  culminating    .     .     .     ^^  33     5 

Castor's  declination  is  32*  19'  N.  therefore,  Prpb.  i, 

>nd  2, 

Radius lo'ccoocco 

Tang.  lat.  52''  12'  35^       •     •    .     io*i  104697 
Tang.  dec.  32"  19'       ....      9-8oiii6x 

Co.8ine3s'*i9'59''^orofitssup-i44^49'  i"  9-9115^58 


1 H    Altitude  of  a  Star  on  the  Prime-vertical. 

Arith.  comp.  co-sine  lat.    .    •     .       0*2127004 

Radius 10*0000000 

Sine  declination       97280275 

Co-sine  29^  1 5'  30'  azim.  from  north  .       9*9407279 

In  the  present  instance,  the  declination  beins  of 
the  same  kind  as  the  latitude,  the  hour  angle  nom 
culminating  to  rising  or  setting,  or  the  semi-diurnal 
arc,  is  greater  than  90^ :  the  calculation  gives  144^ 
49'  i''',  or  9^  39«  i6«  in  time;  this  subtracted  from 
tile  time  of  culminating,  gives  2^  53"»  49'  P.M.  for 
the  time  of  castor's  rising ;  and,  added  to  the  time 
x)f  culminating,  gives  10^  12™  2i*  A.M.  Jan.  a,  for 
the  time  of  setting. 

178.  Prob.  XX.  Given  the  latitude  and  day  iff 
the  month ;  to  find  when  any  known  star  zvill  be  on 
the  prime  vertical^  and  its  altitude  at  that  time. 

In  this  problem,  the  declination  of  the  star  and  the 
latitude  of  the  place  must  evidently  be  of  the  same 
name  :  then  the  time  of  culminating  may  be  found 
by  Prob.  1 7 ;  the  hour  angle  from  culminating  to 
being  on  the  prime  vertical,  and  the  altitude  on  the 
prime  vertical,  by  the  rule  given  in  Prob.  3. 

Ex.  At  what  times,  on  Jan.  i,  1801,  was  castor 
due  east  and  west  at  Cambridge,  and  what  was  the 
altitude  at  those  times  ? 

Radius lo'ooceoco 

Tang.  dec.  32^  19'  o^^  .     .     .     .       9*8011161 
Co-tang.  lat.  52^  i^'  Z5^  •     •     •       9*8895736 

Co-sineof  6o^37'22''hourang.  fromculm.  9.6906897 

Arith.  comp.  sine  lat 0*1022306 

Radius 10*0000000 

Sine  dec.     ••••...•     9*7280275 


mt 


Sitie  alt.  42^  34'  10^      ....     9*8301581 


/ 
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iTie  hour  angle  converted  into  time  gives  4*^  2™  29% 
which  taken  from  1 2''  33*^  5  >  the  time  of  culminating, 
leaves  8h  30  '^  36',  time  when  castor  is  due  east ; 
and  added  to  12^  33^^  5%  gives  4**  35"™  34*  A-M* 
Jan.  2,  time  when  that  star  is  due  west^ 

17y.  Prob*  XXL  Give?i  the  time  of  the  j/ear^  the 
latitude  of  the  place,  and  the  altitude  or  azimuth  of 
a  known  jixed  ntar;  to  find  the  hour  xohen  the  obser-^ 
vation  was  made.     . 

In  fig.  4,  PL  IL  where  H  R  represents  the  hori- 
zon, Z  the  zenith,  N  the  pole,  and  m  the  place  of 
the  star ;  if  the  altitude  be  given,  we  have  in  the 
oblique  spherical  triangle  Z  N  ///,  Z  N  the  co-latitude, 
Z  m  the  co-altitude,  and  m  N  either  the  co-declina- 
tion or  90^  +  declination,  according  as  the  latitude 
and  declination  are  of  like  or  different  kinds,  to  find 
Z  N  777,  the  hour  angle  from  the  meridian.  Or,  if 
the  azimuth  is  given,  we  have  the  sides  Z  N  and  m  N 
(the  co-latitude  and  co-declination),  and  the  angle 
971 Z  N  (the  azimuth),  opposite  to  one  of  the  given 
sides,  to  find  the  angle  between  the  two  given  sides ; 
for  which  there  are  various  rules  given  by  the  writers 
on  trigonometry. 

Ex.  At  Cambridge,  on  January  i,  1801,  in  the 
evening,  the  altitude  of  the  star  castor  was  found  to 
be  45^  ;  what  was  the  time  of  the  observation  ? 

Here  ZN  is  -  37^4/  25%  Zm  =  45^,  and 
in  N  =  57^  41';  whence  Z  N  /;/,  the  hour  angle,  is 
found  to  be  56^  39'  28''',  or,  in  time,  3^^  46™  38  , 
which  taken  from  12^  33™  5%  the  time  of  culminat- 
ing, leaves  8*^  46m  27^  P.M.,  time  when  the  obser- 
vation was  made. 

180.  Pkob.  XXIL  Given  the  latitude  of  the  place^ 
and  the  daif  of  the  month  ;  to  find  the  time  uiien  the 
4ipparent  motion  of  a  knorccn  fixed  star  is  pcrpc/idi" 
€ular  to  the  horizon^  also  the  altitude  and  azanuth 
^  the  star  J  at  that  time. 


\ 


l\6         When  a  Stars  Motion  is  vertical* 

All  those  stars  whose  declinations  are  greater  than 
the  latitude  of  the  place,  and  of  the  same  name  \dtb 
it  (for  to  such  only  this  problem  is  applicable),  per- 
form some  part  of  the  motion  in  their  respective 
semi-diurnal  arcs,  in  a  vertical  direction  ;  which  may 
be  thus  ascertained  :  Let  i/  z  (fig.  7,  PL  I.)  be  the 
parallel  described  by  such  a  star,  draw  the  vertical 
circle  Z  V  to  touch  it  at  /?,  and  when  Hhe  star  ar* 
rives  at  /?,  ^s  y  z  and  Z  V  then  nearly  coincide  duri 
ing  a  small  part  of  the  motion  of  the  star,  its  motion 
will  appear  perpendicular  to  the  horizon.  Here  the 
angle  Z  /^  N  will  be  90^,  and  therefore  radius  :  tang* 
p  N  : :  co-tang.  Z  N  :  co-sine  Z  N  /> ;  or,  radius  :  co- 
tang,  declination  : :  tang,  latitude  :  co-sine,  hour  angle 
from  culminating.  Then,  by  the  proportions  of 
opposite  sides  and  angles,  we  find  Z  p  the  co-altitude, 
and  pZN  the  azimuth. 

Ex.  At  Peterborough,  latitude  52^  ja'  N.  on  Fe- 
bruary 21,  1801,  at  what  time  will  the  apparent 
motion  of  dubhcj  or  a  ursa  majoriSj  be  vertical; 
and  what  will  be  the  altitude  and  azunuth  of  the 
star  at  that  time  ? 

The  right  ascension  oi duhhe  is  lo**  51"  19%  and 
on  February  2 1 ,  at  noon,  the  sun*s  right  ascension 
is  22i»  i7««  44%  and  the  diurnal  variation  3™  49' 5 
whence,  by  Prob.  17,  the  true  time  of  the  star's 
coming  to  the  meridian,  is  12^  31'".     Then, 

Radius     •     •     •     • •     io*oocoooo 

Co-tang,  star's  dec.  62^  50' .     .     •    .       9*7102824 
Tang.  lat.  52*^  32' 10*1155429 

Co-sine  of  47^57' 46^''hour  ang.from  mer.   9*82582152 

Radius    .•••••••••     10*0000000 

S-ZN.  37^28^    .......       97841177 

S- ZN/;.  47^5/46'^ 9-8708193 

Sine  of  26*  5 1' 3 1'^,  or  co-si.  alt.  62^""  W  2^^    9*6549370 
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And,  as  sine  Z N  :  radius  : :  sine  N p  :  sine  pZN 
=48^  38'  28^.  Therefore  6f  8'  2/  is  the  altitude 
of  dubhe  when  its  motion  is  vertical ;  48*^  38'  28'''^  its 
azimuth  from  the  north  j  and,  by  taking  3"  1 1*"  51', 
the  hour  angle  in  time,  from  the  instant  of  culmi- 
nating, we  have  9*^  19"*  9*  P.M.  the  time  required. 

1 8  J .  This  problem  is,  in  some  measure,  analogous 
to  Prob.  6 ;  and  by  comparing  the  two  together,  these 
conclusions  will  be  deduced : — ^Every  star  whose 
declination  is  of  the  same  name  as  the  latitude,  and 
greater  than  it,  may  be  twice  on  the  same  azimuth, 
m  the  interval  between  its  rising  and  culminating ; 
and  it  may  be  twice  on  another  azimuth,  between  its 
culminating  and  setting  : — when  such  a  star  is  at  its 
greatest  azimuth,  its  apparent  motion  is  vertical : — • 
also,  when  the  sun's  dech'nation  exceeds  the  latitude 
of  the  place,  and  is  of  the  same  name,  its  apparent 
motion  is  vertical  when  its  azimuth  is  a  maanmum. 

182.  Prob.  XXIII.  Given  the  latitude^  and  day 
of  the  month  ;  to  Jjnd  zvhen  two  knaicn  stars  are  on 
the  same  azimuth. 

Ex,  At  London,  on  the  ist  of  January,  1800, 
what  was  the  time  of  night  when  the  stars  aldebaj^an 
and  ris[d  were  on  the  same  azimuth  ? 

In  fig.  14,  Pl.  II.  which  is  a  stereographic  pro- 
jection  on  the  plane  of  the  equinoctial,  A  and  B  are 
the  supposed  situations  of  aldebaran^  on  the  same 
azimuth  circle  BAQj  a  circle  described  about  P 
the  pole,  at  the  distance  of  the  co-latitude  of  London, 
will  intersect  the  azimuth  circle  BAQ^in  Z  or  ^, 
the  nearest  of  which  to  the  stars  is  the  zenith  ;  for 
as  both  the  stars  are  above  the  horizon,  the  zenith 
distance  of  each  is  less  than  90  degrees. 

We  have  given,  sun's  right  ascension  18''  47"^  36; 
latitude  of  London  51^  32'}  aldebaran's  dech'nation 
16^  5'  N.  A.R.  4H  24"'  27%  rigel's  declination 
8^  27'  S.  A.R.  5^  4™  $s^ :  difference  of  the  stars* 
light  ascensions  o*»  40"*  28%  or  10^  8'.    Hence,  ia 


1 1 8        Tzto  Stan  with  the  same  AltitudCm 

the  triangle  APB,  are  known  PBizgS^  27',  rigd'f 
codeclination ;  P  A=:73^  55',  aldebaran's  co-decuna* 
tion  ;  and  APB  zi  10"  8^  difference  of  right  ascen* 
fiions :  whence  B  A  P  is  found  1 56^  54'.  Then,  in 
the  triangle  APZ  are  given  AP,  as  before,  PZzi 
38^  28',  co-latitude  of  London,  and  PAZ  =:  sup^ 
I)leracnt  of  B  A  P ;  to  find  APZ  —  24**,  aldebaran's 
hour  angle  from  the  meridian,  which  reduced  to  time 
is  i'-  36'^.  Now,  aldebaran  culminates  at  9'*  35"*  io» ; 
from  which  i"  ^6^  being  taken,  we  have  7*^  59^  lo*, 
or  8  o'clock  P.M.  nearly,  for  the  time  required. 

183f  Prob.  XXIVt  Given  the  latitude  and  day 
of  the  month;  to  find  the  time  when  two  known  stan 
are  at  the  .same  altitude^ 

Ex.  At  London,  on  the  ist  of  January,  1800,  the 
$tars  beiel^uese  and  pollux  were  observed  to  have 
the  sam^  altitude }  what  was  the  time  of  the  even* 
ing? 

In  figt  1 5,  PI.  n.  P  is  the  pole  of  the  equinoctial, 
A  is  the  place  of  betelguese,  and  B  of  pollux ;  Z  the 
zenith,  being  equally  distant  from  each.  1  he  right 
ascension  of  betelguese  is  5^'  44"  20 ,  its  declination 
7**  2i'  N. ;  poUux's  right  ascension  is  7^'  33™  3%  its 
declination  28**  30' :  the 'difference  of  their  right  as- 
censions is  I  48"  43%  or  27^  jo'  nearly.  The  sun's 
R.  A.  and  the  latitude  of  the  place,  as  in  the  last  pro* 
blem.  Then,  in  the  triangle  A  B  P,  we  know  P  A  = 
52^39'  betelguese's  co-declination,  PB  =16 1^30'  pol« 
luxs  co-declination,  and  APB  =  27®  10'  difference 
of  right-ascensions ;  whence  we  get  BAP  1=47%  and 
A  B  zi  33*^14'.  Again,  ZA  and  ZB  being  equal  to 
each  other,  a  great  circle  c  r,  passing  perpendicularly 
through  A  B,  will  bjsect  it  in  C  :  wherefore,  in  the 
triangle  AC  D  are  given  DC  A  iz  90%  R  A  P  =  47% 
and  AC  zzi  60  37';  to  find  CD  A  =  45^  30',  and  AD 
=r  23^  38'.  Lastly,  in  the  triangle  P  D  Z,  are  known 
PZ  IZ  38**  28'  the  co-latitude,  PD  z:  PA  — AD 
=159^  i',andPDZ=z  CD  A  =:  45'' 30' i  whence  is 


Cosmkal  Rising  and  Setting.  1 19 

{bund  Z  P  D  iz  48*^  $^^  the  hour  angle  of  betelguese 
from  the  meridian.  But  betelguese  culminates  at 
10^  54«  45»;  and  consequently  as  the  stars  are  on  the 
east  side  of  the  meridian,  3^  15'"  40'  the  hour  angle 
in  time,  taken  from  10**  54*"  45%  leaves  7'*39'*5« 
P.  M.  for  the  time  of  observation. 

1 84.  Prob.  XXV.  Given  the  latitude  of  a  place^ 
to  find  when  a  kntncn  fixed  star  rises  cosmicaUy^ 
or  Ttifk  the  sun^  and  likezcise  uhen  it  sets  cosmi- 
calhf^  that  i>f,  ivhen  the  sun  rises. 

The  first  thing  to  be  determined  is  the  ascensional 
differejice  (Art.  44.),  which  may  be  thus  found :  Let 
a  h  (fig.  4,  PL  2.)  be  the  parallel  in  which  the  star 
appears  to  move,  E  Q  the  equinoctial,  N  c  a  meri- 
dian passing  through  the  star  when  rising  at  / ;  then 
O  c:  is  the  ascensional  difference  :  in  the  right-angled 
spherical  triangle  O  /  r,  are  known  the  angle  O  = 
the  co-latitude,  and  side  /  z  zz,  the  declination  of  the 
star,  to  find  O  z ;  for  which  we  have  this  proportion ; 
as  radius :  co-tang.  O,  or  tang,  latitude : :  tang,  declin. 
i  z  :  sine  O  t,  ascensional  difference  :  this  must  be 
cither  added  to,  or  taken  from,  the  right  ascension 
of  the  star,  according  as  its  declination  is  of  the  same 
name  as  the  latitude,  or  a  different  name  j  the  sum 
or  difference  is  the  oblique  ascension. 

Let  H  R  (fig.  13,  PI.  2.)  be  the  horizon,  HD  R 
the  meridian,  D  C^the  equinoctial,  MAC  the  eclip- 
tic, *  the  star :  then  in  the  oblique  triangle  E  O  A, 
there  are  given  the  oblique  ascension  E  O,  the  angle 
AE  O  the  obliquity  of  the  ecliptic,  and.E  O  A  equal 
to  either  the  co-latitude  or  its  supplement,  according 
as  E  is  below  or  above  the  horizon  ;  to  find  the  side 
E  A,  and  consequently  the  point  A  of  the  ecliptic 
which  rises  with  the  star.  Find  on  what  day  the  sun 
is  in  that  point  of  the  ecliptic ;  for  that  is  the  day  on 
which  the  star  rises  cosmically. 

Again,  add  or  subtract  the  ascensional  difference, 


120  Achronical  Rising  and  Setting. 

to  or  from  the  right  ascension,  according  as  the  star's 
declination  and  the  latitude  of  the  place  are  of  the 
same  or  different  kinds;  the  sum  or  difference  ia 
the  oblique  dt,scension.  Then  there  are  given  the 
same  parts  of  the  triangle  £  O  A  as  before,  to  find 
£  A ;  and  A  in  this  case  is  the  point  setting  with  the 
star :  consequently  the  point  opposite  to  A  in  the  eclip- 
tic,  is  the  place  of  the  sun  when  he  rises  just  as  the  star 
$ets ;  and  by  finding  the  time  the  sun  is  in  that  part 
of  the  ecliptic  we  know  when  the  star  sets  cosmic 
callt/^ 

Ex.  On  wh^it  days  in  the  year  1801,  does  the 
8tar  a  ret  ur  us  rise  and  set  cosmically,  at  Dover,  la* 
titude  51* /N.? 

Answer :  rises  cosmically,  September  2$;  sets  co8«l 
mically,  June  22. 

N.B.  Ihe  calculations  of  this  and  the  next  problem, 
jire  left  for  the  exercise  of  the  young  student, 

J  85.  Prob.XXVI,  Given  the  latitude  oj  the  place^ 
U  findxvhen  a  known  fixed  atar  rises  or  sets  achroni* 
calljf,  that  7>,  at  stoi-set^ 

Find  the  point  of  the  ecliptic  in  which  the  sun  is, 
when  the  star  rises  cosmically,  by  the  directions  in 
the  last  problem ;  then  it  is  obvious  that  when  the 
sun  is  in  the  opposite  point  of  the  ecliptic,  he  sets 
when  the  star  rises  :  therefore,  find  the  day  in  which 
he  is  in  such  opposite  point ;  for  on  that  day  he 
rises^  achranically.  Again,  find  by  means  ot  the 
last  problem,  the  place  the  sun  is  in  when  he  seta 
with  the  star;  for  the  day  corresponding  to  that 
place  is  that  on  which  the  star  sets  achronically^ 

Ex.  On  what  days  in  the  year  1801,  does  the  star 
procifon,  in  canis^minor^  rise  and  set  achronically, 
at  Elsineur  in  Denmark,  latitude  56^  N,  ? 

Answer:  rises  achronically,  January  28}  scti 
achronically,  June  13. 

1S6;  Pkob,  XX\1I,   Given  the  latitude  of  the 
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placff  to  Jind  when  a  known  star  rues  or  sets  lu* 
tiacaUy. 

The  term  heliacal  has  been  used  by  astronomers 
according  to  rather  different  acceptations;  but  in 
every  acceptation  it  relates  to  the  sun*  A  star  may 
be  said  to  rise  hehacallii  when  it  rises  in  the  morn- 
ing just  so  long  before  the  sun,  as  not  to  be  ren- 
dered invisible  by  the  strength  of  his  rays ;  and  a 
star  stts  heUacalUi  when  it  sets  in  the  evening,  when 
the  sun  has  just  sunk  so  far  below  the  horizon  as  not 
to  obscure  the  setting  star  by  his  beams :  thus  are 
the  terms  to  be  understood  in  this  problem. 

1 87.  It  is  found  by  experience,  that  the  number 
of  degrees  which  the  sun  must  be  depressed  below 
the  horizon,  that  the  stars  may  just  be  visible  above 
it,  are  as  follow:  for  the  first  magnitude  12®;  for 
the  second,  13*";  the  third,  14^;  die  fourth,  15''; 
the  fifth,  1 6°  ;  and  the  6th,  1 7"*. 

1 88.  Let  S  (fig.  13,  PI.  2.  be  the  place  of  the  sun 
below  the  horizon  when  the  star  at  s  rises  belia- 
cally  :  through  the  zenith  Z  suppose  the  vertical 
circle  Z  G  S  to  be  drawn ;  then  in  the  right-angled 
triangle  AGS,  OS  is  known,  being  12^,  13'',  Sec. 
according  as  the  star  is  of  the  first,  second,  &c.  mag- 
nitude, and  GAS  may  be  found  by  Art.  174; 
hence  A  S  will  be  had  :  and  as  E  A,  the  distance  from 
the  equinoctial  point  to  the  horizon,  may  be  deter- 
mined by  Prob,  1 6,  we  readily  get  the  sun*s  distance 
from  the  equinoctial  point :  wherefore  the  sun's  place 
becomes  known,  and,  of  course,  the  day  of  the 
month. 

In  like  manner,  if  S  be  the  place  of  the  sun  when 
the  star  s  sets  heUacally^  it  may  be  found  by  an 
operation  nearly  similar.  But  as  the  problem  is  not 
of  great  utility,  and  may  be  performed  with  tolerable 
^curacy  by  a  good  celestial  globe^  there  are  pro^ 
i^ably  but  few  who  will  undertake  the  calculation. 
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1  Sf,  When  .^/r/;/v,  the  rIoQ''S*rfr^  rose  heh'acally,  the 
ancients  imagined  it  caused  the  sultry  weather  usually 
felt  in  the  latter  part  of  the  sunnmer.  Traces  of  this 
opinion  may  be  found  in  the  works  of  Homer ^  Hip^ 
pocra/eyj  ^  irgi^j  and  P/ijn/.  Some  ancient  authors 
say,  that  on  the  day  this  star  thus  rises  in  the  morn- 
ings the  sea  boils,  wine  turns  sour,  dogs  begin  to 
grow  mad,  the  bile  increases  and  irritates,  all  ani- 
mals become  languid,  and  burning  fevers  with  phren- 
sies  rage  amongst  men.  All  this  was  ascribed  to  the 
dog-star ;  and  about  twenty  days  both  before  and  al- 
ter the  star's  rising  in  this  manner  were  called  canh 
Cffhr^  or  doi^'days :  a  brown  dog  was,  in  consistence 
with  tliis  opinion,  sacrificed  to  sirin,s  yearly,  to  ap-* 
pease  his  rage  •.  But  the  idea  that  the  star's  rising 
thus  was  the  cause  of  the  hot  weather,  and  the- 
diseases  of  the  season,  could  not  prevail  very  long; 
for  the  star  not  only  varies  in  its  heliacal  rising,  in 
any  one  year,  as  the  latitude^varies,  but,  on  account 
of  the  precession  of  the  equinoxes,  it  is  later  and 
later  every  year  in  all  latitudes  ;  so  that  in  process  of 
time,  the  star  might,  by  a  similar  rule,  be  charged 
with  producing  frost  and  snow,  instead  of  scorchmg 
heats  and  burning  fevers. 

'1  he  dog-days  in  our  almanacs  are  now  put  earlier 
by  more  than  a  month,  than  they  would  be  if  they 

*  It  is  worthy  of  observation,  that  customs  and  opinions^  whicli 
91  first  sight  appear  very  absurd  and  ridiculous,  may  frequentty 
be  traced  up  to  something  neither  unreasonable  nor  useletk 
Thus,  in  the  present  instance,  the  Egyptians,  as  an  ingenioui 
foreigner  remarks,  having  observed  that  the  return  of  the  perio- 
dical inundation  answered  constantly,  for  a  series  of  yeant  to 
the  heliacal  appearance  of  a  beautiful  star  towards  the  source  of 
the  Nile,  which  seemed  to  warn  the  husbandman  against  being 
surprised  by  the  waters,  were  naturally  led  to  compare  this  cir- 
cumstance with  the  conduct  of  the  domestic  animal,  which  br 
barking  gives  notice  of  danger,  and  therefore  called  this  star  tU 
dog^  or  the  barker.  From  which  opinion,  in  itself  t>oth  reafoo* 
able  and  ingenious,  in  process  of  time  sprung  the  absurditict 
above  niemioocd. 
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were  still  regulated  by  the  rising  of  sirius  before  the 
sun  :  and  thus  they  are  made  to  correspond  with  the 
hot  weather,  as  they  did  formerly. 

190.  Prob.  XXVIIl.  Given  the  altitudes  of  txvo 
knazon  Jixtd  stars,  and  the  altitude  of  another  star 
or  planet  J  when  in  the  same  azimuth  with  one  of 
those  stars ;  to  find  the  place  of  that  star  or  planet. 
Ex.    Observed  the  inoon  and  cor  leonis  on  the 
same   azimuth,   when   the   mooh^s    zenith   distance 
was  36^   37';    cor  leonis    zenith  distance  45^  o'j 
and  at  the  same  time  the  zenith  distance  of   cor 
hyur  I  was  49**  i&,     Quere,  the  place  of  the  moon? 
The  declination  of  cor  leonis  is   12*  ^y'  N.  its 
right  ascension  9   57"^  4^^9  ^^^  declination  of  cor 
hj/Jrf^  7^  47'  S.    its  right   ascension  9**  17""  45'; 
the  difference  of  their  right  ascensions  39*"  57%  or 
in   motion   9^   58'.     Hence,  the  problem  might  be 
constructed  thus :  On  the  plane  of  the  equinoctial,  the 
pole  of  which  is  P  (fig.  17,  PL  2.),  draw  the  colures  T  ^, 
yf  or;,  and  in  the  solstitial  take  E  for  the  pole  of  the 
ecliptic  ;  put  the  given  stars  at  B  and  A  by  their  de- 
clinations and  right  ascensions :  about  B  and  A  as 
poles,  with  their  respective  zenith  distances,  describe 
d  cles  intersecting  in  Z  the  zenith ;  through  Z  and 
B  describe  an  azimuth  circle,  and  making  Z  jr?  equal 
to  the  moon^s  zenith  distance,  it  gives  her  place : 
then  describe  the  great  circles  Z  A,  A  B,  E  m  ;  and 
the  arc  E  m  will  be  the  co-latitude,  and  PE  ///  the  longi- 
tude from  the  first  point  of  cancer.     From  this  we 
deduce  the  following  method  of  computation :  In  the 
triangle  A  B  P  are  known  P  A  3:  97^  47'  cor  hydra's 
CCMieclination,  PB  ~  77^  3"* cor  lecmis'  co-declina- 
tion, and   BPA=:9^58'  difference  of  their  right 
ascensions;    whence  are  found  ABPzz  153^  57', 
and  AB  —  23^,  distance  of  the  stars.     Again,  in 
the  triangle  A  Z  B  are  given  Z  A  iz  49^  1 6',  Z  B  iz: 
45^,  the  zenith  distances  of  the  two  stars,  and  AB 
just  foimdi  to  determine  ABZ  zz  89^  38'.     Also, 
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in  the  triangle  B  vi  P,  we  know  B  P  as  before,  B  w  = 
BZ  —  Z;;/  =  8^  23^andPB  7//zzZ  BP-ABP- 
ABZ::  64^  19';  to  find  P?;^  1=73^  26' and  BP^  = 
7^  Si'  \  ^he  first  of  these  is  the  moon's  co-declina- 
tion, the  last  her  right  ascension  from  B.  Then  90^ 
+  iQ:PB  +  BP///zii28^  27!'=:  EPw.  Lastly, 
in  the  triangle  P  ;;/  E,  we  have  P  E  zz  23*'  28'  obli* 
quity  of  the  ecliptic,  P/w  "^-T^^  26',  and  EPw  ::= 
128^  27!';  whence  are  found  ;;?E  zz  88^  40'  the 
moon's  co-latitude,  and  PE  7/z  3:  48^  41'  moon's 
longitude  from  ss  ;  her  absolute  longitude  is,  there- 
fore, 18^  41'  of  leo.  Or,  when  the  right  ascension 
and  declination  were  determihed,  the  longitude  mieht 
have  been  found  by  the  rule  in  Art.  66. 

19  i.  Prob.  XXIX.  Observed  a  planet^  or  other 
celestial  bodrjy  in  the  point  of  intersection  of  two  lines 
eonjiecting  Jour  knoicnfved  stars  ;  tofnd  the  right 
asccn.von  and  declination  of  that  celestial  body. 

Suppose  A,  B,  C,  D,  the  places  of  the  four  fixed* 
rtars,  the  right  ascension  and  declination  of  each  of 
which  are  known ;  also  S  (fig.  16,  PL  11.)  the  ap* 
parent  place  of  the  heavenly  body.  Thtn  in  the 
trian-jle  APB,  where  P  is  the  pole  of  the  equa- 
tor,  are  known  P  A  and  P  B,  the  co-declinations 
of  the  stars  A  and  B,  and  the  angle  APB  the 
dilFercuce  of  their  right  ascensions  ;  to  find  the  angle 
PAB.  In  the  triangle  PA C,  we  have  AP,  PC, 
and  the  angle  A  P  C  ;  whence  are  found  A  C,  P  A  Q 
andPC  A.  Then  PAC— PAB~CAB.  Again, 
in  the  triangle  C  P  D  are  known,  C  P,  D  P,  and  the 
angle  C  P  D,  to  find  PCD;  which  added  to  A  C  P 
gives  A  C  D.  Also,  in  the  triangle  ACS  we  have 
AC,  ACS,  and  CAS;  whence  we  get  A S.  And 
lastly,  in  the  triangle  APS,  are  knoi^n  A P,  AS, 
and  PAS,  to  find  APS  and  PS;  the  former  of 
which  is  the  difference  of  right  ascension  of  A  and  S ; 
and  the  latter  the  complement  of  the  declination  of  S. 
Had  the  longitudes  and  latitudes  of  the  four  stars 
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been  known,  then  P  being  the  pole  of  the  ecUptic^  a 
similar  process  would  have  determined  the  longi- 
tude and  latitude  of  S. 

192.  Or  this  may  be  done  with  tolerable  accuracy, 
in  a  mechanical  manner,  by  means  of  a  good  celes- 
tial globe,  on  the  suriace  of  which  the  stars  are  very 
carefully  placed*  Thus,  take  a  thread  and  extend  on 
the  globe,  between  the  stars  represented  by  A  and  B ; 
and  let  another  be  extended  from  C  to  D  ;  the  inter- 
section of  these  two  threads  will  point  out  the  place 
of  the  body.  If  at  the  same  hour  every  evening, 
for  nine  or  ten  successive  days,  the  place  of  the  body 
be  thus  observed  at  the  intersecting  points  between 
any  four  known  stars,  we  shall  manifestly  obtain  the 
apparent  course  of  the  body  in  the  heavens,  by  draw- 
ing a  line  on  the  globe  through  the  various  intersect- 
ing points.  And  this  will  be  a  very  easy,  practicable 
way  of  finding  the  path  of  any  new  celestial  pheno- 
menon. 

193.  Prob.  XXX.  Given  the  altitude  of  a  knatcn 
star  J  to  find  the  altitude  of  the  culminating  point  of 
the  ecliptic,  at  any  place  the  latitude  oj  ichich  is 
given. 

In  this  problem,  we  first,  from  the  declination  of 
the  star,  its  altitude,  and  the  latitude  of  the  place, 
find  the  hour  angle  from  the  star's  time  of  cul- 
minating, as  in  Art.  179.  Then  either  add  or 
subtract  this  hour  angle,  to  or  from  the  right  as- 
cension of  the  star  in  degrees,  according  as  the  oN 
servation  was  made  after  or  before  the  scar  was  on 
the  meridian  ;  the  sum  or  difference  is  the  right  as- 
cension of  the  culminating  point  of  the  ecliptic. 
This  right  ascension,  or  its  supplement  if  it  be 
greater  than  90*^,  is  one  leg  of  a  right-angled  sphe- 
rical triangle,  and  23°  28',  the  obliquity  of  the  eclip* 
tic,  is  the  acute  angle  opposite  the  required  leg, 
which  when  found  is  the  distance  of  the  ecliptic 
from  the  equator,  at  the  culminating  point,  or  the 
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declination  of  that  point.  Finally,  if  the  ri^ht  as- 
cension of  the  culminating  point  be  less  than  1 80% 
add  its  declination  just  found  to  the  complement 
of  the  latitude  (supposing  it  to  be  north);  or  if  the 
A.  R  be  greater  than  1 80^,  subtract  the  declination 
from  the  co-latitude ;  the  sum  or  difference  respec* 
tively,  will  be  the  altitude  of  that  point,  as  required. 
All  which  will  appear  very  evident  after  comparing 
it  with  what  was  done  in  Problem  1 5. 


(     127     ) 


CHAPTER    VII. 


On  the  most  noted  Systems  ifrcentcd  to  crplain  the 

Planetary  Motions. 


Art.  1 94.  THE  preceding  Chapters  contain  that 
part  of  astronomy  relating  to  the  sun  and  fixed  stars, 
most  of  which  would  be  obvious  even  to  such  ob- 
servers  as  did  not  examine  the  heavens  with  much 
minuteness  and  attention :  but  it  is  time  to  direct  our 
consideration  to  the  moon,  and  those  other  bodies 
which,  though  the  least  remarkable  objects  in  the 
heavens  to  a  careless  and  cursory  observer,  have 
occupied  much  the  greater  share  of  the  industry  and 
ingenuity  of  astronomers,  and  have  led  to  the  noblest 
inventions  and  discoveries  which  have  been  enrolled 
in  the  annals  of  science.  The  bodies  we  now  al- 
lude to  are  the  pla?ict.^-,  or  wandering  stars,  as  their 
name  imports ;  and  indeed  their  appearances,  with 
respect  to  an  inhabitant  of  the  earth,  deviate  so  far 
from  all  our  ideas  of  regularity  and  order,  as  to 
render  the  epithet  xcandcnng  strictly  applicable,  and 
lead  us  to  infer,  did  not  the  language  of  experience 
contradict  the  inference,  that  the  reduction  of  their 
motions  to  any  fixed  and  regular  rules,  would  bid 
defiance  to  the  utmost  efforts  of  human  sagacity. 
But  almost  insuperable  obstacles  vanish  when  ap* 
proached  with  constant  assiduity  and  skill ;  and  the 
history  of  astronomy  furnishes  us  with  indubitable 
evidence  of  the  astonishing  success  which  has  uni- 
formly followed  in  the  train  of  persevering  diligence 
and  ingenuity. 

195.  The  n^mes  of  the  planets,  with  their  astro- 
nomical characters,  arc  thus  given :  mercury  5 , 
venus  ?,  niars  ^,  jupiler  %j  and  saturn  t?  ; 
these  were  known  to  the  ancient  astronomers.    The 


128  Names  of  the  Planets* 

indefatigable  attention  and  care  of  Dr.  Herschd 
have  added  another  to  the  number  of  planets^  called 
by  him  georgium  sidio^^  or  the  gvorgian  planet: 
by  some  astronomers  it  is  called  Herschel^  in  ha« 
nour  of  the  discoverer ;  though  among  almost  all  fb- 
reigners,  it  has  acquired  the  name  of  uranfus^  which 
k  is  likely  to  retain.  Its  astronomical  character 
is  ^  *. 

196.  In  our  enquiry  into  the  natures,  distances, 
magnitudes,  and  motions,  of  these  bodies,  we  shall 
first  state  the  most  usual  and  striking  appearances 
they  exhibit;  then  describe  the  most  celebrated 
schemes  or  systems  which  have  been  invented  to  ac- 
count for  these  appearances  ;  and  assign  the  reasons 
which  have  induced  the  modem  astronomers  to  reject 
all  these  systems,  except  what  is  now  distinguished  by 
the  title  A  twtoniany  and  those  which  are  manifestly 
included  in  it,  or  might  lead  to  its  invention. 

197.  With  respect  to  the  moofty  we  natundly 
conclude  that  she  is  constantly  at  nearly  the  same  dis* 
tance  from  the  earth  ;  for,  since  there  is  no  reason 
to  suppose  her  magnitude  varies,  as  her  apparent  dia« 
meter  at  the  same  altitude  never  varies  considerably 
(being  at  the  greatest  33',  and  at  the  least  29'  30''), 
we  may  fairly  infer  that  her  distance  from  us  is  not 
subject  to  very  great  changes.  As  to  her  shapCy  wc 
readily  conceive  it  to  be  nearly  spherical ;  lor,  ak 
though  her  appearance  to  a  common  observer  is  that 
of  a  flat  circle,  called  the  disc^  yet,  the  assistance  d 
telescopes,  in  union  with  just  analogical  reasonings 
would  induce  us  at  once  to  reject  the  opinion  of  her 
being  flat,  should  our  hasty  observations  lead  us  to 
adopt  it.  If  an  opake  globe  be  at  a  moderate  dis- 
tance from  the  eye,  the  picture  of  it  upon  the  retina 

*  Since  this  was  written,  it  is  just  reported,  that  another  new  pri- 
miry  planet  has  been  discovered,  viz.  by  M.  Piazzi  an  Itauia 
astronomer,  on  Jan.  i,  1801,  or  the  first  day  of  the  19th  centwy. 
It  appears  only  as  a  star  of  the  8th  magnitudit,  and  moves  in  ao 
orbit  between  mars  and  jupitco  at  2\  times  the  earth's  disUnos 
from  the  sun. 
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si  a  circle  properly  diversified  with  Kght  and  shade^ 
io  as  to  excite  in  the  mind  the  idea  of  a  globe;  if  a 
globe  be  at  a  great  distance  from  tfie  eye,  the  differ^ 
cnce  between  die  lights  and  shades^  which  form  the 
picture  of  a  globe,  will  be  imperceptible,  and  theii 
the  body  will  appear  like  a  circular  plane.  A  lumi« 
iious  globe,  though  but  at  a  moderate  disfaiice  froni 
the  eye^  appears  like  a  luminous  plane,  as  will  be 
cfvident  to  any  6n€  who  makes  the  experimeht  ^th  a 
globe  of  iron  heated  red-hot.  So  that  whether  the 
moon  be  luminous  or  opake,  her  distance  from  us 
omses  her  to  appear  flat,  though  she  be  id  reality 
nearly  globular. 

198.  The  moon  comes  to  the  meridian  hter  eVery 
day  than  the  preceding,  aiid  the  differences  of  the 
times  of  hef  culminating  are  very  unequal ;  she  also 
has  verjf  different  altitudes  when  on  the  meridian. 
She,  besides  this^  is  very  mutable  in  her  figure,  con-* 
stantly  putting  on  different  phaiseS.  Sometimes  she 
increases,  from  little  niore  than  ah  ate  of  <l  circle,  to 
a  full  circular  form ;  then  she  wanes  and  diminishes 
as  it  were  in  old  age ;  sometimes  she  is  bent  into 
boms,  then  she  appears  Uke  a  half  circle ;  theti  she 
btcomes  gibbous  or  hunchbacked^  and  next  assumes 
a  full  round  face  j  after  this  she  gradually  declines 
and  loses  all  her  lustre.  Sometimes  she  enlightens 
us  the  whole  night ;  at  other  times  she  does  not  ap- 
pear till  late  at  night,  or  early  in  the  morning.  Some- 
times she  keeps  in  the  Southern  regions  of  the  hea- 
vens; at  others  she  rises  higher  and  higher,  and 
visits  the  northern  hemisphere-  Changes  like  these 
occurring  so  frequently,  the  whole  of  them  being 
gone  through  in  less  than  thirty  days,  naturally  at* 
tracted  attention ;  and  thus  the  periods  of  these  mu- 
tations soon  became  known ;  thoOgh  Ejidymion^  the 
first  among  the  Greeks  who  carefully  studied  her 
motions,  by  his  regular  attention,  gave  rise  to  th« 
&fele  that  he  had  fallen  in  love  with  hen 
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199*  The  planet  Venu^y  when  viewed  throagh  ^^ 
telescope,  appears  to  undergo  changes  in  her  phases^ 
similar  to  those  of  the  moon :  sometimes  her  full 
disc  appears,  at  other  times  she  appears  gibbous^  at 
others  horned.    Her  apparent  diameter  also,  as  meac 
sured  at  the  same  altitude,  is  subject  to  considerable 
variation,  being  at  some  periods  five  or  six  times 
greater  than  at  others.     She  sometimes  is  found  to 
cpme  to  the  meridian  with  the  sun,  then  to  precede 
that  luminary  in  coming  to  the  meridian,  and  so  have 
an  apparent  motion  from  east  to  west,  until  her  time 
oir  arriving  at  the  meridian  precedes  that  of  the  sun 
by  about  3^  i  o"™,  when  she  seems  to  be  stationary 
for  a  short  time  ;  then  her  coming  to  the  meridian 
precedes  that  of  the  sun  by  less  and  less  degrees, 
until  they  are  again  on  the  meridian  together.   From 
this  period  she  cuhninates  later  than  the  sun,  and 
continues  her  apparent  motion  from  west  to  east  in 
a  retrograde  order,   till  her  culminating  is  about! 
3^  I  o°*  after  that  of  the  sun  j   at  this  period   she 
again  appears  stationary  for  a  short  time,  after  which^ 
her  apparent  motion  is  from  east  to  west,  as  it  was 
previous  to  her  being  stationary  in  the  former  in- 
stance.    Her  declination  too  is  found  to  vary  much, 
being  sometimes  more  than  27^  north,  and  occupy* 
ing  all  the  intermediate  degrees,  till  it  becomes  as 
great  toward  the  south.     All  the  time  when  venus 
appears  easterly  of  the  sun  she  sets  after  him,  and  is^ 
called  the  eiaiing  star;  when  she  is  westward  of 
that  luminary,  she  sets  before  him  in  the  evening,, 
but  shines  before  he  rises  in  the  morning,  and  is  thea . 
called  the  morning  star. 

200.  Observations  can  but  seldom  be  made  on  the 
planet  ]\Iercury'j  but  it  has  been  observed  suffi* 
ciently  to  determine  that  his  motions,  appearances, 
and  mutations,  are  very  similar  to  those  of  venus, 
witlj  the  exceptions  that  they  are  performed  in  a  far 
less  space  of  time,  s^  that  the  distance  of  mercurjf 
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from  the  sun  is  never  greater  than  about  iH  50'^  in 
time,  or  nearly  27i^ 

fiOI.  Mars  is  found  sometimes  to  come  to  the 
meridian  with  the  sun,  sometimes  to  precede  him,  at 
others  to  follow  him,  and  at  some  to  be  directly  op« 
posite  to  that  luminary,  so  as  to  rise  when  he  sets, 
and  set  when  he  rises<  When  mars  is  thus  opposite 
to  the  sun,  his  apparent  diameter  is  the  greatest :  be-^ 
ing  about  five  times  as  large  as  at  (hose  periods  when 
be  comes  to  the  meridian  with  the  sun.  The  appa.* 
rent  motion  of  this  planet,  like  that  of  mercury  and 
Venus,  is  sometunes  direct,  or  from  east  to  west;  at 
others  retrograde,  or  from  west  to  east ;  and  some** 
times  the  appearance  is  stationary.  Mars  also  has 
different  phases,  appearing,  when  viewed  through  a 
telescope,  either  full  and  round,  or  gibbous,  but 
never  homed. 

209.  The  motions  of  Jupiter  and  Saturn^  com- 
pared with  those  of  the  sun,  are  found  to  be  at  times 
direct,  at  others  retrograde,  and  at  others  stationary, 
like  those  of  the  other  planets.  These  two  bodies 
are  also  sometimes  in  opposition  to  the  sun,  as  above 
mentioned  respecting  mars }  and  they^  as  well  as  the 
other  planets,  are  sometimes  to  the  north  of  the 
ecliptic,  and  sometimes  to  the  south,  but  very  seU 
dom  upon  it4 

203.  To  explain  and  account  for  these  apparent 
motions  of  the  moon  and  planets,  together  with 
those  of'  the  sun,  various  hypotheses  or  systems 
have  been  invented,  some  complex  and  confused, 
others  on  simple  and  general  principles.  *•  Systems,** 
as  Dr.  Adam  Smith  ingeniously  observes,  "  in  many 
'^  respects  resemble  machines.  A  machine  is  a  little 
•*  system  created  to  perform,  as  well  as  to  connect 
'^  together  in  reality,  those  different  movements  and 
•*  eflfects  which  the  artist  has  occasion  for.  A  system 
**  is  an  imaginary  machine  invented  to  connect  to- 
^  gether  in  the  fancy  thos«  diffident  movements  and 
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**  efFects  which  are  already  m  reality  performe<l» 
'*  The  machines  that  are  first  invented  to  perform 
any  particular  raovemcnt  are  always  the  most  com- 
plex ;  and  succeeding  artists  generally  discover 
.**  that  with  fewer  wheels,  with  fewer  principles  of 
^'  motion  than  had  originally  been  employed,  the 
*'  same  effects  may  be  more  easily  produced.  The 
!*'  first  systems,  in  the  same  manner,  are  always  the 
mK>st  complex,  and  a  particular  connecting  chain 
or  principle  is  generally  thought  necessary  to  unite 
«'  every  two  seemingly  disjointed  appearances ;  but 
**  it  often  happens,  that  one  great  connecting  principle 
is  afterwards  found  to  be  sufficient  to  bind  together 
all  the  discordant  phenomena  that  occur  in  a  whole 
"  species  of  things,"  Nay,  with  respect  to  the  mo» 
tions  and  appearances  in  astronomy,  a  system  has  at 
length  been  invented  which  corresponds  so  accurately 
.with  the  phenomena  of  nature,  and  explains  them  so 
satisfactorily,  that  even  Dr.  Smith  himself,  whilst 
endeavouring  to  represent  all  philosophical  systems 
as  )nerc  inventions  of  the  imagination,  was  insensi* 
bly  drawn  in  "  to  make  use  of  language  expressing 
*'  the  connecting  principles  of  this  one,  as  if  they 
''  were  the  real  chains  which  Nature  makes  use  cw 
•'  to  bind  together  her  several  operations." 

SiO-i.  That  such  has  been  the  j)rogressive  improve- 
ment of  the  systems  of  astronomers,  the  following 
brief  account  of  the  chief  of  them  will  serve  in  some 
measure  to  shew.  Ptokmxi^  an  Egyptian  philoso- 
pher, who  lived  in  the  time  of  the  Roman  emperor 
Adrian,  was  the  author  of  an  hypothesis  in  which  it 
was  attempted  to  reconcile  the  appearances  of  the 
heavenly  bodies  with  tJie  prevailing  philosophy  of  the 
times.  He  supposed  that  the  earth  was  fixed  inh 
moveably  in  the  centre  of  the  universe,  and  that  thtf 
moon,  mercury,  venus,  the  sun,  mars,  jupiter,  and 
Saturn,  revolved  about  it  in  the  order  here  mentioned. 
Above  these  he  supposed  the  firmament  of  the  fixed 
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stars,  the  crystalline  orbs,  the  primum  viobile  and 
aelum  tmpyrium^  or  heaven  of  heavens,  were  situ- 
ated.    All   these  immense  orbs  were  imagined   to 
move  round  tlie  earth  once  in  twenty-four  hours ; 
and  to  move  also  in  certain  periodical  times,  agrees 
ably  to  their  annual  changes  and  appearances.    Every 
star  was  supposed  to  be  fixed  ia  a  solid  transparent 
sphere,  like  crystal ;  and  to  account  for  their  differ* 
ent  motions,  he  was  obliged  to  conceive  a  number 
of  circles  called  eccentrics  and  epicycles,  like  little 
wheels  attached  to  the  circumference  of  larger,  and 
Uitersecting  one  another  in  almost  every  possible  direc* 
don  :  so  that  every  motion  which  became  newly  disco- 
veredby  the  industry  of  observers,required  the  addition 
of  a  new  wheel  or  epicycle  to  carry  the  centre  of  its 
eccentric  round  the  centre  of  the  earth.     In  conse^ 
quence,  therefore,  of  the  increasing  accuracy  of  the 
observations,  which  called  for  fresh  epicycles  and  ec- 
centrics,  this  system  became    at   length  so  much 
clogged  with  incumbrance  after  incumbrance,  that  the 
imagination  could  no  longer  sustain  it  with  tranquil- 
lity and  satisfaction.     And,  besides   this,  after   the 
bps^  of  a  few  centuries,  it  was  found  that  this  hy- 
pothesis was  far  from  consistent  vdih  all  the  pheno- 
mena of  the  heavenly  bodies  ;  and  the  tables  of  Pto- 
lemy  gave  the  places  of  those  bodies  altogether  ditFer- 
ent  from  what  their  real  situations  were  found   to 
be;  so  that  the  world  became  persuaded  that  this 
long-established  system  needed  a  thorough  revisal, 
and  then  it  required  no  painful  efforts  to  induce  them 
to  reject  it  entirely. 

205.  The  confusion  in  which  the  above  hypothesis 
represented  the  planetary  motions,  suggested  to 
Copernicus^  a  native  of  Thorn  in  Prussia,  the  idea 
of  forming  a  new  system,  that,  as  himself  tells  us, 
*«  the  noblest  works  of  Nature  might  no  longer  ap- 
*^  pear  devoid  of  that  harmony  and  proportion  which 
i«  discover  themselves  in  her  meanest  productions.'^. 
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He  found  in  Plutarch  that  some  old  Pythagoreani 
had  represented  the  earth  as  revolving  in  the  centre 
of  the  universe,  like  a  wheel  round  its  own  axis  ;  and 
that  others  of  the  same  sect  had  removed  it  from  the 
centre,  and  represented  it  as  revolving  in  the  ecliptic, 
like  a  star  round  the  central  fire.  The  authority  of 
these  old  philosophers  might  not  originally  suggest 
to  him  bis  system,  but  it  seems  to  have  confirmed 
•  him  in  it^  He  concluded  ^^  that  if  the  earth  was 
supposed  to  revolve  every  day  round  its  axis,  firom* 
west  to  east,  all  the  heavenly  bodies  would  appear 
to  revolve  in  a  contrary  direction,  from  east  to  west. 
The  diurnal  revolution  of  the  heavens,  upon  this  hy^ 
pothesis,  might  be  only  apparent;  the  firmament 
which  has  no  other  sensible  motion,  might  be  pcf^ 
fectly  at  rest ;  while  the  sun,  the  moon,  and  the  five 
planets,  might  have  no  other  movement  beside  that 
eastward  revolution  which  is  peculiar  to  themselvet* 
By  supposing  the  earth  to  revolve  with  the  planeCi 
round  the  sun  in  an  orbit,  which  comprehende4 
within  it  the  orbits  of  venus  and  mercury,  but  was 
comprehended  within  those  of  piars,  jupiter,  and  ssv 
turn,  he  could,  without  the  embarrassment  of  epi» 
cycles,  connect  together  the  .apparent  annual  revop 
lutions  of  the  sun,  and  the  direct,  retrograde,  ain} 
stationary  appearances  of  the  planets ;  that  while  the 
earth  really  revolved  round  the  sun  on  one  side  of 
the  heavens,  the  sun  would  appear  to  revolve  round 
the  earth  on  the  other  ;  that  while  she  really  ad» 
iranced  in  her  annual  course,  he  would  appear  to  ad- 
vance eastward  in  that  movement  which  is  peculiar 
to  himself;  and,  by  supposing  the  axis  of  the  earth 
to  be  always  parallel  to  itself,  not  to  be  quite  per* 
pendicular,  but  somewhat  inclined  to  the  plane  of 
her  orbit,  and  consequently  to  present  to  the  sun 
fhe  one  pole  when  on  the  one  side  of  him,  and  the 
pther  when  on  the  other,  he  would  account  for  the 
C^bliquity  of  the  ecliptic,  the  sun's  seemingly  altei^t 
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hate  progression  from  north  to  south  and  from  south 
to  north,  the  consequent  change  of  the  seasons,  and 
diflferent  lengths  of  days  and  nights  m  the  different 
seasons."     This  new  account  of  things  manifestly 
rendered  the  appearances  of  the  Jbeavens  more  cohe- 
rent than  had  been  done  by  any  of  the  additions  to 
the  Ptolemaic  svstem ;  and  this  it  did  by  a  more 
simple,    intelligiole,    and  beautiful  machinery.      It 
represented  the  sun,  the  great  enlightener  of  the  uni- 
verse, whose  body  was  allowed  to  be  ^lone  larger 
than:  all  the  planets  taken  together,  as  established  in  the 
centre,  shedding  light  and  heat  on  all  the  worlds 
that  circulated  around  him  in  one  uniform  direction, 
but  in  longer  or  shorter  periods,  according  to  their 
different  distances.     The  planets  too,  which  formerly 
seemed  to  be  objects  unlike  to  every  thing  in  nature^ 
when   supposed   to   revolve  along  with  the    earth 
about  the  sun,  were  naturally  apprehended  to  be 
objects  of  the  same  kind  with  the  earth,  habitable, 
opake,  and  enlightened  only  by  the  solar  rays :  and 
thus  this  hypothesis,  by  classing  them  in  the  same 
species  of  things  with  an  object  which  is  the  most 
Kimiliar  to  us,  took  off  much  of  that  wonder  and 
uncertainty  which  the  strangeness  of  their  appearance 
had  excited.     Yet,  after  all,  this  system  at  its  first 
entrance  into  the  world  was  almost  universally  dis- 
approved of;  and  the  learned  in  the  sciences  treated 
it   with   contempt:   objection    after    objection   was 
brought  against  it ;  and  it  must  be  confessed  that  on 
account  or  the  ignorance  respecting  the  real  laws  of 
motion  which  then  reigned,  the  answers  to  these  ob» 
jections,  though  they  displayed  considerable   skill, 
were  by  no  means  satisfactory. 

206\  This  led  Tycho  Brahe^  who  had  spent  his 
life  and  his  fortune  upon  the  science  of  astronomy, 
to  invent  another  hypothesis,  in  which  the  earth  was 
supposed  fixed  in  the  centre  of  the  universe,  and  all 
the  star^  and  planets  were  imagined  to  revolve  round 
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It  in  twenty-four  hours  j  yet  he  allowed  a  menstruaj 
inotion  to  the  moon,  round  the  earth ;  and  lie  Sup^ 
posed  that  the  sun  was  the  cenp-e  of  the  orbit^  of  the 
planets^)  in  which  they  were  carried  round  him  ixi 
their  respective  year§,  while  the  sun  revolved  abou( 
the  earth  in  a  solar  year  j  and  all  these,  as  well  at 
the  sun,  he  still  supposed  to  move  round  the  earth  in 
twenty-four  hours.  Such  was  the  system  of  Tycho. 
evidently  compounded  out  of  those  of  Ptolemy  ana 
jpopermcus :  fn  some  respects  more  complex  than 
(hat  of  l^tolemy,  as  it  supposed  the  different  revolu^ 
(ioti^  of  the  planets  to  be  performed  round  two  cen** 
tres}  the  diurnal  round  the  earth,  the  periodical 
}-ound  the  sun.  Jt  was  not  to  be  expected  that  a 
system  sd  perplexed  and  unnatural  as  this  could  long 
maintain  any  reputation  in  the  world  j  but  it  fell  in 
yith  deep-rooted  prejudices,  and  therefore,  as  it  has 
been  remarked,  while  "  those  who  considered  the 
heavens  only,  favoured  the  system  of  Copermcus, 
yhich  connected  so  happily  all  the  appearances  which 
presented  themselves  here,"  and  which  even  met 
with  confirmation  from  the  astronomical  observations 
of  Tycho  himself;  still  **  those  who  looked  upon 
the  earth,  adopted  the  account  of  Tycho,  which  leav- 
ing it  at  rest  in  the  centre  of  the  universe,  did  less 
violence  to  the  usual  habits  of  the  imagination.'* 
However,  this  system  being  very  embarrassing  to  the 
ininds  of  inigenupus  persons,  and  being  in  many  re* 
spects  in  direct  contradiction  to  the  phenomena  which 
began  then  to  be  observed  with  greater  accuracy  thai^. 
at  any  preceding  period,  an  attempt  was  made  tc 
amend  it,  by  l.on^ommtauus  and  others,  who  al 
low^d  the  diurnal  motion  of  the  earth  on  its  axi^ 
but  flcnicd  its  annual  motion  about  the  sun  ;  thi 
hypothesis  was  called  the  Scmi'Tychonic.  But  eve 
this  system  could  not,  with  all  the  ingenuity  of  il 
jtdvocates,  be  made  to  correspond  with  the  heavenl 
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phenomena,  and  of  course  it  remained  but  a  short 
period  before  it  was  completely  abandoned. 

207.  About  this  period,  the  important  invention 
of  telescopes,  together  with  the  admirable  sagacity 
and  assiduity  of  Galileo j  tended  considerably  to  ob- 
viate the  objections  which  had  been  urged  against  the 
Copemican  system.     This  great,  though  unfortunate 
philosopher,  removed  an  objection  to  the  hypothesis 
of  Copernicus,  drawn  from  the  nature  of  motion,  by  • 
explaining  the  effects  of  the  composition  of  motion, 
on  principles  now  generally  laid  down  in  works  on 
mechanics  j  and  from  which  it  naturally  results  that 
a  ball  dropt  from  the  mast  of  a  ship  under  sail  would 
fall  precisely  at  the  foot  of  the  mast ;  and,  on  a  si- 
milar account,  that  the  phenomena  of  falling  bodies 
on  the  earth  would  be  the  same,  whether  it  were 
at  rest  or  actually  in  motion.     It  had  been  also  ob- 
jected to   Copernicus,  that  his   supposition   of  the 
moQn    moving    round    the    earth,  could    not    be 
admitted  on    the  hypothesis   of  the  earth  revolv- 
ing about  the  sun ;  unless  it  could  be   shewn  that 
the   other  planets,   or   some  of  them,  had  moons 
revolving  about  them   also :   Galileo,    by   applying 
the  telescope  to  astronomy,  soon  removed  this  ob- 
jection ;  for  he  discovered  that  jupiter  had  satellites 
moving  about  him  in  a  manner  similar  to  the  motion 
of  the  moon  round  the  earth ;  and  the  subsequent 
discovery  of  the  satellites  of  saturn,  served  completely 
to  shew  that  the  connection  of  the  moon  with  the 
earth,  was  perfectly  consistent  with  the  analogy  of 
nature.     Another  objection  brought  against  the  sys- 
tem of  Copernicus  was,  that  if  venus  and  mercury 
revolved  round  the  sun,  in  an  orbit  comprehended 
within  the  orbit  of  the  earth,  they  would  shew  a  va- 
riety of  phases  as  the  moon  did.     He  answered,  that 
thty  undoubtedly  did  all  tliia^  and  that  .some  time  or 
other  their  resemblance  to  the  vioou^  in  this  7rspccf^ 
y;ouldbeJhund  out :  this  very  bold  assertion  was  con« 
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firmed  by  Galileo,     He  discovered  th^  pha$c8  of 
Venus,  and  sent  an  account  of  the  discovery  in  a 
letter  written  from  Florence,  in  1 6 1 1 ,  to  the  Duke 
of-  Tuscany's  embassador  at  Prague.     From  a  trans- 
lation  of   this  letter   the  following  passage  is  ex« 
tracted  :  "  We  have  hence  the  most  certain,  sensible 
**  decision   and  demonstration  of  two  grand  ques- 
**  tions,  which  to  this  day  have  been  doubtful  ah(i 
**  disputed  among  the  greatest  masters  of  reason  in 
*'  the  world.     One  is,  that  the  planets  in  their  own 
•*  nature  are  opake  bodies,  attributing  to  mercury 
^  what  we  have  seen  in  venus  ;  and  the  other  is, 
**  that  venus  necessarily  moves  round  the  sun,  as 
**  also  mercury  and  the  other  planets:  a  thing  in* 
**  deed  well   believed  by  Pythagoras,    Copernicus, 
•*  Kepler,    and   myself;   but  never  yet  proved,  as 
•*  now  it  is,  by  ocular  inspection  upon  venus." 

Galileo  likewise  discovered  spots  in  the  sun,  and 
demonstrated  by  their  motion  (since  he  could  easily 
shew  that  they  adhered  to  the  sun's  surface)  the 
revolution  of  that  luminary  round  its  axis  j  and  this 
rendered  it  less  improbable  that  the  earth,  a  body  so 
much  smaller  than  the  sun,  should  revolve  round  its 
axis  in  the  same  manner. 

208.  While  Galileo  in  Italy  was  by  his  discoveries 
paving  the  way  for  the  universal  reception  of  the  sys- 
tem of  Copernicus,  Kepler^  a  German  philosopher  of 
great   genius,  and  greater  industry,  was  employing 
himself   to  ascertain,  correct,  and   improve  it.     A, 
circle,  as  the  degree  of  its  curvature  is  every-where 
the  same,  is  the  simplest  of  all  curves,  and  most 
easily  to  be  conceived ;  it  was  therefore  natural  to 
conclude  that  a  circular  motion  was  the  most  perfect 
of  all  motions,  and,  since  the  universe  was  a  perfect 
work,  that  the  motions  of  the  heavenly  bodies  were 
performed  in  circles  :  but  Kepler  saw  reason  to  reject 
this  opinion,  which,  though  not  exceedingly  errone^ 

ous,  was  not  quite  consistent  with  the  true  state  of" 
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things.  HaTingy  psrscmr  to  &c  injuJig 
generous  and  D^)le  Tydio  Bn£ke, 
him  at  his  obsemtcHj  on  aficde 
the  Danidi  astronomer 
servadons  upon  mars,  in  the 
thodising  of  which  his  disdpies 
employed.  Kepier,  on  companng  dbes^  li 
anoth^,  found  that  the  orbit  of  tloEt  pbaer  V22  z 
a  perfect  drcle,  that  one  of  its  d^mrrrrs  ^e^s  sc 
what  longer  than  the  other  ;  and  dot  k 
to  an  ellipsis,  which  had  the  sun  in  one  of  is  f;: 
He  found  too  that  the  motion  of  the  phzKt  wai 
equable ;  that  it  was  swiftest  when  nearest  the 
and  slowest  when  farthest  from  him;  asd  t!r2r  i3 
velocity  gradually  increased  or  cfiminisfaed  acccymg 
as  it  approached  to  or  receded  from  him.  Orbrr  ob- 
servations of  Tycbo  enabled  Kef^  to  coocIrLde, 
that  the  same  things  also,  though  in  difiereni  degrees, 
were  true  of  all  £he  other  planets.  Ther  rrrnhiiai 
the  same  things  too  of  the  sun,  if  supposed  to  more 
pound  the  earth,  and  consequently  of  ihe  earth  if 
supposed  to  revolve  round  the  sun. 

209.  .  This  indefatigable  astronomer,  after  many 
trials,  at  length  found  out  a  rule,  which  obtained  in  the 
real  motions  of  the  planets.  A  cording  to  him,  if  1 
straight  line  was  diawn  from  the  cenire  of  each 
planet  to  the  sun,  and  carried  along  by  the  perl?ci- 
cal  motion  of  the  planet,  it  would  describe  equal 
trilineal  areas  in  equal  times,  though  the  planet  did 
not  pass  over  equal  spaces :  the  same  rule  he  found 
to  take  place  nearly  with  regard  to  the  moon.  Kep- 
ler, besides  this,  introduced  another  new  analorv 
into  the  system,  and  first  discovered  that  there  was 
one  uniform  relation  obser\'cd  betwLxt  the  distances 
of  the  planets  from  the  sun,  and  the  times  emploved 
in  their  periodical  motions.  He  found  that  their 
periodical  times  were  greater  than  in  proportion  to 
itjeir  distances,  and  less  than  in  proportion  to  ihesquare 
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V)f  their  distances.  After  committing  several  mis^ 
take3  in  determining  the  real  analogy,  he  discovered 
at  last,  on  the  15th  of  May,  161 8,  for  he  is  so  exact 
as  to  mention  the  precise  day  when  he  found,  that 
**  the  squares  of  the  periodical  times  are  always  in 
**  the  same  proportion  as  the  cubes  of  the  mean  dis^ 
*^  tances  from  the  sun." 

210.  The  observations  of  Crzwv;^/  fully  established 
the  tjruth  of  these  famous  analogies  of  Kepler ;  for 
be  discovered  that  the  satellites  of  jupiter  and  sa- 
turn  revolved  round  their  primary  planets  in  confor* 
mity  to  those  analogies.  And  when  it  was  deter- 
mined that  the  motions  of  the  four  satellites  of  ju* 
piter,  and  the  five  of  saturn  about  their  respective 
primaries,  as  well  as  those  of  all  the  primary  planets 
(among  which  the  earth  is  now  included)  about  the 
sun,  agreed  with  these  analogies,  the  doctrine  o£ 
Kepler  was  greatly  confirmed,  and  his  improvement 
of  the  Copernican  system  soon  triumphed  over  every 
opposition. 

21  If  Still,  however,  there  remained  to  be  disco* 
vered  some  extensive  and  general  principle*,  fronx 
which  the  analogies  which  obtained  in  the  motions  of 
the  heavenly  bodies  should  naturally  flow ;  some  in- 
visible chain  which  should  bind  together  those  va^ 
rious  bodies,  and  yet  not  oblige  them  to  come  into 

*  "  The  mind  of  man  doth  wc>nderfully  endeavoiK,  and  extremely 
«*  covet  this,  that  it  may  not  be  pensile;  but  that  it  may  light 
*^  wpon  something  fixt  and  immoveable,  on  which  as  on  a  firma* 
•'  mcnt  it  may  support  itself  in  ils  swift  motions  and  discpiisitioiw. 
"  Surely,  as  jjristct'e  eiideavoureth  to  prove,  that  in  all  motioo 
'^  of  bodies  there  is  some  point  quiescent,  and  very  elegantly  cx- 
*'  poundeth  the  ancient  fable  of  Atlas,  that  stood  fixt  and  bare  r.p 
'<  the  heavens  from  falling,  to  he.  meant  of  the  poles  of  the  world, 
'*  whercwpon  the  conversion  is  accomplished.  In  like  manner 
"  men  do  earnestly  sc(k  to  have  some  Alias  or  axletrcc  of  their 
'*  cogitations  within  themselves,  whirh  may,  in  some  measure, 
"  modf-nte  the  fiurtuations  and  wheelings  of  the  understanding} 
*•  fearing,  it  may  be,  the  falling  of  their  heaven." — Bacon ^  AU" 
vfac^m^n:  ^  Lc.vnin^,  lib.  5.  G.  Waii'b  edition,  x^J4» 


immediate  contact.  Thi8  was  eagerly  ^ught  aitefi 
Kepler  attempted,  as  was  usual  with  him,  to  dis- 
cover  it  by  some  lucky  guess :  Des  Cartes  endea^ 
Toured  to  ascertain  wherein  this  invisible  principle 
consisted,  and  formed  an  hypothesis  which  will  ever 
remain  a  monument  of  his  admirable  genius  and  lofty 
conception:  Spinosa  added  largely,  from  the  store 
of  a  rich  imagination,  to  what  he  learned  from  Des 
Cartes:  and  the  learned  Leibnitz^  after  maturing 
his  speculations,  made  the  result  of  them  known  to 
the  world.  But  these  and  others,  though  of  great 
utility  in  striking  out  some  particular  and  isolated 
principles,  could  only  display,  as  general  laws,  such 
as  merely  had  their  origin  in  their  own  lively  fancies. 
SiH  Isaac  Newton  was  the  first  who  successfully 
attempted  to  give  a  physical  account  of  the  motions 
of  the  planets,  which  should  accommodate  itself  to 
all  the  constant  irregularities  ever  observed  by  astro- 
nomers to  take  place  in  those  motions.  He  adopted 
the  maxim  of  his  great  precursor  Lord  Bacon, 
"  that  all  theory  xvas  to  be  laid  aside  which  xvas  ?iot 
'^  foioided  on  e.rperiment ;"  and  by  a  train  of  well- 
directed  observations,  aided  by  an  excellent  analysis, 
assailed  Nature,  as  it  were,  with  unwearied  importu-* 
iiity,  until  he  extorted  from  her  the  secret  which 
regulated  all  her  operations. 

52 1 2.  The  superior  genius  and  sagacity  of  this  most 
eminent  philosopher  made  the  most  happy,  and  we 
may  now  say,  without  fear  of  contradiction,  the 
greatest  improvement  that  was  ever  made  in  philo- 
sophy, when  he  discovered  that  he  could  connect 
together  the  motions  of  the  planets  by  so  familiar 
a  principle  as  that  of  the  gravitation  of  matter. 
"  He  demonstrated  that,  if  the  planets  were  sup- 
posed to  gravitate  towards  the  sun  and  to  one 
another,  and  at  the  same  time  to  have  had 
a  projecting  force  originally  impressed  upon  them, 
the  primary  ones  might  all  describe  ellipses,  in 
cne  of  the  foci  of  which  that  great  luminary  was 
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placed;  and  the  secondary  ones  miglit  describe  iw 
gures  of  the  same  kind  round  their  respective  pri« 
maries^  without  being  disturbed  by  the  continual 
motion  of  the  centres  of  their  revolutions.  That  if 
the  force  which  retained  each  of  them  in  their  orbits 
was  like  that  of  gravity,  and  directed  towards  the 
sun,  they  would  each  of  them  describe  equal  areas 
in  equal  limes.  That  if  this  attractive  power  of  the 
sun,  like  all  other  qualities  which  are  diffused  in  rays 
from  a  centre,  diminished  in  the  same  proportiofli 
as  the  squares  of  the  distances  increased,  their  ma« 
tions  would  be  swiftest  when  nearest  the  sun,  and 
slowest  when  farthest  off  from  him,  in  the  same  pro- 
portion in  which  by  observation  they  are  discovered 
to  be ;  and  that,  upon  the  same  supposition  of  thb 
gradual  diminution  of  their  respective  gravities,  their 
periodic  times  would  bear  the  same  proportion  to 
their  distances  which  Kepler  and  Cassini  had  esta^ 
blished  betwixt  them*.'* 

Si  1 3.  Nor  was  this  all ;  for  he  not  only  endea- 
voured to  shew  that  gravity  might  be  the  connecting 
principle  of  the  planetary  movements,  but  he  provea 
that  it  really  xca,s  so.  Galileo  had  shewn  that  when 
a  stone  is  projected,  it  is  deflected  from  the  recti- 
linear path  into  a  parabola,  in  consequence  of  the 
gravity  of  the  stone  towards  the  earth.  To  shew  that 
the  moon  is  retained  in  its  orbit  by  the  force  of  gra- 
vity, Ncuion  shewed  that  it  was  continually  bent 
from  the  tangent  of  its  orbit,  in  the  same  manner  a* 
Galileo  shewed  the  deflection  of  the  path  of  the 
stone,  projected  near  the  surface  of  the  earth  :  that 
both  these  motions  are  directed  to  the  same  point, 
and  agree  in  quantity :  that,  if  the  moon  were  to 
approach  to  the  surface  of  the  earth,  the  force  by 
which  it  is  retained  in  its  orbit,  w^uld  make  it  de- 
scend through  the  same  space  towards  the  centre  of 
the  earth,  as  an  heavy  body  would  fall  through  by 
its  gravity  in  the  same  time  ^  and  that  if  a  stone 

*  Dr.  Adam  Smith's  liUtory  of  Astronomj. 
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<20tild  be  caiTicd  to  the  distance  of  the  moon,  and 
diere  projected  with  a  sufficient  velocity,  it  would 
revolve  round  the  earth  like  a  moon,  in  consequence 
of  the  same  cause  which  bends  its  motion  into  a 
curve  when  projected  near  the  earth's  surface.  SU 
milar  methods  of  reasoning  were  applied  to  all  the 
planets ;  and  as  it  appeared  that  the  revolutions  of 
the  primaij  planets  round  the  sun,  and  those  of  the 
satellites  or  jupiter  and  saturn  round  their  primaries, 
are  phenomena  of  the  same  kind  with  the  revolu- 
tion of  the  moon  about  the  earth;  likewise,  as 
the  centripetal  powers  of  the  primary  are  directed 
towards  the  centre  of  the  sun,  and  those  of  the  sa- 
tellites towards  the  centre  of  their  respective  pri-> 
maries  j  and  lastly,  as  all  these  powers  are  recipro- 
cally as  the  squares  of  the  distances  from  the  centres  ; 
it  was  safely  concluded  that  the  cause  was  the  same 
in  all,  and  therefore  that  the  gravitation  of  matter 
is  universally  extended. 

2  J  4*    This  system  of  Newton  is  the  only  one 
which  accounts,  in  a  satisfactory  manner,  for  the  va- 
rious irregularities  which  astronomers  have  observed 
in  the  heavens.     It  assigns  a  reason  why  the  centres 
of  the  revolutions  of  the  planets  are  not  precisely  in 
the  centre  of  the  sun,  but  in  the  common  centre  of 
gravity  of  the  sun  and  the  planets  :  it  is  applied  with 
j>eailiar  success  to  the  solution  of  the  irregularities 
in  the  motion  of  the  moon,  and  to  the  deviations  from 
I'eguhrity  in  the  motions  and  orbits  of  the  various 
primaries  and  secondaries :  that  which  had  puzzled 
all  preceding  philosophers  even  to  guess  at  the  cause, 
namely,  tht  precession  of  the  equinoxesy  has  been 
^3cplained  on  the  principles  of  Newton,  and  calcula^i 
rions  applied  to  the  theory,  the  conclusions  resulting 
from  which  correspond  very  accurately  with  the  ob- 
servations of  astronomers :    and  other  phenomena 
^hich  have  been  discovered  since  the  time  of  New- 
ton, have  met  with  a  ready  solution  by  a  just  appli* 
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tatxon  of  ills  principles.  So  that,  although  giiivi^ 
be  an  occult  cause,  as  was  at  firft  objected  agamst  it^ 
yet,  as  in  all  the  consequences  deduced  from  it,  thd 
reasoning  flowed  fi-om  its  effects  withbtit  entering 
into  the  conteitiplatidh  of  causes,  it  mtist  be  ac- 
linowledged,  that  by  making  the  phenomena  of 
gravity  the  subject  of  physical  cohsideration.  New* 
ton  performed  the  itibst  essential  service  to  philo^ 
Sophy :  and  as  his  system  has  fiotv  acquired  the  mosl! 
tmiversai  efnpire  that  ivas  ever  established  in  philo^ 
topby^  we  shall  conceive  ourselves  fully  justifiabfe 
in  adopting  his  principles  in  every  subsequent  part 
l)f  this  work,  \^here  they  will  assist  us  ia  o«r  oh 
^piiriesl^ 
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CHAPTER  Vm. 


On  tke  Truth  of  the  Copernican  System^  as  impraced 

by  Kepler  and  Newton. 


Art.  215.  IN  deducing  the  laws  by  which  the 
motions  of  the  celestial  bodies  were  regulated,  as  au 
tempted  to  be  shewn  in  the  faint  sketch  given  at  the 
end  of  the  last  chapter,  it  is  manifest  that  Neivton 
must  have  directed  his  enquiries  agreeably  to  the 
principles  of  the  soundest  reasoning.  His  rules  of 
philosophising  are,  indeed,  excellent;  and,  as  they 
may  often  be  of  considerable  utility  in  developing 
the  causes  of  many  natural  appearances,  they  are 
here  inserted. 

216.  Rule  I.  More  causes  of  natural  things  arc 
not  to  be  admittcdy  than  are  both  true  and  sufficient 
to  explain  the  plia^nomom. 

Rule  II.  Therefore  to  the  same  natural  effects 
T€e  must  alicays  assign^  as  far  as  possible^  the  same 
causes. 

Rule  III.  The  qualities  of  bodies  xvhich  admit 
neither  7'etention  nor  remission  of  degrees^  and  which 
are  found  to  belong  to  all  bodies  within  the  reach  of 
our  experiments^  are  to  be  esteemed  the  universal 
qualities  of  all  bodies  whatsoever. 

Rule  IV.  In  Experimental  Philosophy^  proposi^ 
funis  collected  from  the  phcenomena  by  itiduction  are 
to  be  deemed  (notwithstanding  contrary  hypotheses) 
either  exactly  or  very  nearly  true^  till  other  phenomena 
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occur^  by  which  they  may  be  rendered  either  tnori. 
accurate^  or  liable  to  exceptions. 

S17«  The  first  of  these  rules  is  founded  upon  the 
pirindple,  that  in  Nature  nothing  is  done  in  vain,  but 
all  is  simple^  and  th^e  are  no  traces  of  superfluout 
causes  of  things.  The  second  naturally  results  from 
it ;  for  no  per^ux  who  allowed  that  simplicity  reigned 
ill  the  operations  of  Nature,  would  ascribe  respiratioii 
in  man  and  in  animals  to  different  causes ;  or  would 
feel  a  difficulty  in  admitting  that  the  cause  of  the 
descent  of  stones  was  the  same  in  America  as  in  £u^ 
rope.  The  third  is  consistent  with  the  principle  of 
analogy,  agreeably  to  which  the  far  greater  part  o£ 
human  actions  are  regulated :  by  this  rule,  because 
extension,  divisibility,  hardness,  mobility,  gravity, 
the  vi3  inertias,  &c.  are  found  in  all  bodies  which  fiut 
under  our  cognizance,  we  conclude  that  they  are 
original  and  universal  properties  of  all  bodies  what<- 
cver.  The  fourth  rule  must^  of  necessity,  be  admitted, 
otherwise  arguments  Ky  induction  might  at  any  time 
be  destroyed  by  mere  hypotheses,  and  reason  would 
be  subdued  by  fancy. 

QIS.  If  the  truth  of  the  general  laws  of  motion 
and  gravity  (as  laid  down  by  the  authors  on  mecha« 
n'cs)  be  granted,  and  their  truth  has  repeatedly  been 
demonstrated  both  by  theory  and  by  actual  experi- 
ments ;  we  may,  by  a  natural  combination  of  these 
laws  of  motion,  with  the  rules  just  given,  be  nearly 
as  fully  persuaded  of  the  truth  of  the  Copertiican 
System^  with  the  improvements  of  Kepler  and  New* 
tovj  as  we  should  be  by  the  most  direct  demonstra* 
tion.  Perhaps  the  only  objection  which  can  now  be 
urged  with  any  force,  against  this  system,  is  drawn 
from  the  supposed  ii^possibility  of  the  earth's  mo» 
tion  ;  for  if  once  it  be  admitted  that  the  earth  is  not 
fixed  and  immoveable,  the  mind  will  readily  assent 
to  every  other  part  of  this  system.  Now,  it  is  ma^ 
nifest  from  constant  observation,  that  cither  the  tardi 


hat  the  first  of  these  is  highly  improbable,  may 
us  shewn  :  Both  the  theory  and  practice  of  me- 
cs  teach  us,  that  forces  are  directed  to  some  cen- 
•ody  on  which  they  physically  depend;  that  the 

of  gravity  decreases  inversely  as  the  square  of 
[stances  from  its  centre;  and  that  when  various 
:s  in  a  system  revolve,  their  motions  are  perform- 
ibout  their  common  centre  of  gravity :  the 
mly   bodies   are   at  widely    different   distances 

the  earth  (varying  from  about  forty  millions 
lies,  to  an  almost  infinitely  greater  distance,  as 
be  hereafter  shewn) ;  and  all  these  bodies,  on 
upposltion,  must  move  round  the  earth,  or  its 
(reduced,  in  twenty-four  hours;  and,  besides  this, 
xed  stars,  as  appears  by  the  precession  of  the 
.oxes,  have  another  motion  round  the  axis  of  the 
ic  in  about  25920  years ;  so  that,  if  the  earth 
ted,  an  innumerable  multitude  of  bodies  (for 
.  telescopic  observations  shew  the  stars  to  be) 
aily  moved  with  wonderful  rapidity  by  forces  di- 
i  to  innumerable  imaginary  points  on  which  they 
3t  possibly  depend;  and  those  forces  must  increase 
iy  in  proportion  to  the  distance  from  the  ima- 
g^^mtMs,  or  they  caimot  ail  revt^ve  in  the  same 
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• 

it  cannot  be  said  to  revolve  about  that  body,   but 
some  other  point :  therefore,  if  the  sun  moves  about 
the  earth  in  a  day,  the  earth  must  be  in  the  plane 
in  which  the  sun's  motion  is  described,  during  the 
whole  day.      But  at  all  times  of  the  year,  except 
when  the  sun  is  in  the  equinoxes,  the  sun  describes 
circles  which  have  not  the  earth  for  their  centre ;  and 
therefore,  according  to  the  rules  here  laid  down,  can 
no  more  be  said  to  revolve  about  the  earth,  than  a 
body  moving  round  the  base  of  a  cone  can  be  said 
to  revolve  about  the  vertex.    From  these  remarks 
it  appears,  that  if  we  are  at  all   able  to  detehnine 
what  is  Impossible^  respecting  the  different  bodies  is 
the  universe,  we  must  conclude  against  the  possibh 
lity  of  the  earth  being  at  rest.     On  the  contrary,  if 
the  rotation  of  the  earth  be  admitted,  we  are  furniU* 
ed  with  an  easy  solution  of  various  facts,  which  can*  ] 
not  otherwise  be  accounted  for:  thus,  the  figure rf 
the   earth  is   not  spherical,   but  spheroidical  QAit 
Id;  but  experiments  prove  that  all  the  parts  oi  die 
earth  have  a  gravitation  towards  each  other,  md 
as  a  considerable  portion  of  its  surface  is  sphericily 
it  would,    if   at  rest,  in  consequence  of  the  eqiol 
gravitation  of  its  parts,  be  spherical.     A\Tiat  thfll 
causes  it  to  be  spheroidical  ?     We  know  that  if  IB 
iron  hoop  be  made  to  revolve  swiftly  round  a  fixed 
axis,  the  diameter  corresponding  with  the  axis  about  1 
which  it  revolves  will  be  shortened,  and  the  dialIl^  \ 
ter    perpendicular  to  this  will    be   lengthened,  the 
hoop  varying  from  a  circular  to  an  elliptical  forms 
this  we,  without  hesitation,  attiibute  to  the  rotation 
of  the  hoop.    In  like  manner,  reasoning  according  It^j 
Newton's  first  and  second  rules,  we  may  infer,  tw j 
in  consequence  of  the  rotation  of  the  earth,  thepsitt< 
most  distant  from  its  fixed  axis  have  a  greater 
ilency  to  fly  off  than  those  which  are  nearer, 
therefore  the  diameter  perpendicular  to   that  axi 
must  be  the  greatest.     And   this  is  proved  (wcBttf] 


■  . 

yjenture  to  say)  to  demoAStration,  by  the  consideration 
thittlhe  diaipetcry  about  vhich  the  earth  must  revolve 
jtojobrresj^d  vith  the  pbaenomena  of  the  heavenly 
iM^dSes,  is  exactly  thai  which,  from  actual  mensura- 
',^oq^  is  found  to  be  the  shortest. 
.^  S19«  The  diurnal  rotation  of  the  earth  bdng  as« 
imte^  to,  its  annual  motion  is  readily  admitted  :  for 
doice  the  planetary  bodies  are  found  to  revolve  on 
mcir  a^fes,  and  the  equatoreal  diameters  of  some  of 
.^iem  are  known  to  be  neater  than  the  polar,  they 
IMjee  with,  the  earth  in  uese  respects ;  and  unce  they 
.i^dently  bavie  periodical  revolWoof  from  west  u> 
[^ea>t»  we  are  glnmst  constrained  to  imagpe  the  earth 
has  such  a  revoludon  also,  in  order  to  render  the 
analogy  between  it  and  the  planets  general  and  com* 
plete.    But  all  the  planetary  revolutions,  it  is  most 
natural  to  conclude,  are  performed  about  some  com- 
mon centre }  and  every  phsenomenon  being  easily  and 
ntia&ctorily  explained  on  the  supposition  that  the  sun 
is  in,  or  near,  that  centre,  we  assume  the  sun  as  the 
centre  of  the  plamtary^  or,  as  it  is  often  called,  the 
joterr  system.    To  this  it  may  be  objected^  that  if  the 
,  motions  of  a  system  of  revolving  bodies  are  per- 
formed round  dieir  common  centre  of  gravity,   as 
die  sun  is  one  of  the  bodies  in  the  system  under  con- 
sideration, he,  as  well  as  they,  will  move  round  the 
common  centre  of  gravity,  and  will  therefore  appear 
to  an  inhabitant  of  the  earth  to  have  direct  and  re- 
trograde motions,  and  to  be  sometimes  stationary,  as 
the  planets  are ;  whereas  nothing  of  this  kind  is  ob- 
served.   We  answer,  without  denying  the  principle 
OOL  which  this  objection  is  founded,  that  the  observa- 
tiohs  of  astronomers  have  now  determined  with  to- 
lerable accuracy  the  dimensions  of  the  sun  (Art. 
387*) ;  and  from  a  proper  comparison  of  the  dimen- 
sions and  distances  of  the  sun  and  planets,  it  results, 
that  the  common  centre  of  gravity  of  the  whole  is  aU 
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most  always  within  the  body  of  the  sun,  and  can 
never  be  at  the  distance  of  its  semi-diameter  from 
jt ;  so  that,  instead  of  the  sun's  motion  round  the 
common  centre  of  gravity  being  obvious  to  common 
observers,  it  must  require  a  considerable  degree  of 
care  and  patience  to  discover  it  at  all,  only  as  it  is 
deduced  from  physical  principles.  On  the  whole, 
we  think,  the  candid  enquirer  after  truth  will  see  much 
in  the  system  here  explained  to  recommend  it  to  bis 
notice :  we  therefore  proceed  to  give  the  theory  of 
apparent  motions,  and  then  to  determine  the  dis- 
tances, dimensions,  &c.  of  the  planets  ;  in  the  course 
of  which  other  evidences  of  the  truth  of  this  hypo- 
thesis will  frequently  present  themselves. 


(  m  ) 


CHAFTER  DC. 

Pn  the  Theory  of  apparent  Motions^  with  its  Ap^ 
plication  to  the  Phitnomena  of  the  Planets^ 
Motions. 


Art..  S20.  THE  earth  partaking  of  a  twofold 
motion,  one  about  its  axis  in  the  compass  of  a  na* 
tural  day^  the  other  in  an  elliptical  orbit  about  the  sun, 
m  a  year^  an  observer  of  the  heavens  will  be  liable 
to  optic  illusions  arising  from  the  idea  of  the  earth's 
being  immoveable.  We  now  propose  to  consider  the 
circumstances  of  those  illusions  which  are  caused  by 
the  annual  motion  of  the  earth,  and  in  order  thereto^ 
give  the  following  theory  of  apparent  and  relative 
motions. 

22 1  p  That  which  an  observer,  who  is  in  motion, 
and  fancies  himself  at  rest  in  some  fixed  point,  at* 
tributes  to  an  object  really  at  rest,  is  called  the  appa* 
rent  motion  of  si^ch  object ;  and  that  motion  which 
is  attributed  to  an  object  in  motion,  by  an  observer 
also  in  motion  who  (hinks  hiniself  at  rest,  is  called 
rethtive  ^notionf 

22t2.  By  the  ei/e*s  true  place  i$  nieant,  that  point 
of  the  universe  where  the  eye  of  the  observer  really 
is  at  a  given  time ;  and  that  point  where  the  observer 
conceives  himself  to  be  at  rest,  we  call  the  ey^s  ima» 
ginary  place.  Whether  we  suppose  the  real  mo- 
tions to  be  circular  or  elliptical,  we  call  the  path  de-^ 
scribed  by  the  observer  the  eye's  orbit ;  and  the  path 
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which  the  object  appears  to  describe  in  the  heavens, 
the  optic  orbit. 

223.  The  visual  rays  drawn  from  the  eye's  imagi- 
nary place,  to  every  point  of  the  optic  orbit,  will 
form,  on  a  plane  beyond  it,  a  figure  which  may  be 
called  the  projection  of  the  optic  orbit :  or,  to 
strengthen  the  idea,  the  projection  of  the  optic  or- 
bit is  that  figure  which  would  be  formed  on  a  plane 
by  the  boundary  of  the  shadow  of  the  orbit  made  by 
a  light  placed  at  the  eye's  imaginary  place.  If  the 
visual  rays  intercepted  by  the  plane  are  perpendi- 
cular to  it,  then,  as  is  well  known,  the  projection  is 
called  orthographic. 

22-1.  A  plane  passing  through  the  object  and  the 
eye's  imaginary  place  perpendicular  to  the  plane  of 
the  eye's  orbit,  is  called  the  plane  of  comparison^ 
Consequently,  if  the  object  be  fixed,  the  plane  of 
comparison  is  also  fixed  ;  if  it  be  moveable,  that  plane 
is  likewise  moveable,  and  with  an  angular  velocity 
equal  to  that  of  the  object. 

225.  if  we  have  given  in  position  the  eye's  ima* 
ginary  place  S  (fig.  i,  PL  III.),  and  any  number  of 
points  A,  B,  C,  in  the  path  of  a  moving  body  in 
any  plane ;  with  the  points  D,  E,  F,  the  eye's  true 
places  at  those  instants;  and  the  optic  path  of  the 
moving  body  be  required  :  then,  the  lines  A  D, 
BE,  C  F,  being  drawn,  from  S  draw  S ^/,  paralld 
and  equal  to  AD,  Sh  parallel  and  equal  to  BE, 
and  S  r  parallel  and  equal  to  C  F ;  ^,  b,  c,  will  then 
be  the  corresponding  points  of  the  optic  path.  For, 
the  right  S  u  being  equal  and  parallel  to  A  D,  the 
point  a  is  situate  in  the  same  manner  to  S,  both  with 
respect  to  position  and  distance,  as  A  is  to  D.  The 
observer,  therefore,  conceiving  his  eye  placed  in  S, 
will  imagine  he  sees  the  object  in  a.  For  the  same 
reason,  when  the  observer  is  at  K  and  F,  supposing 
himself  at  S,  the  points  B  and  C  appear  to  be  at  2 
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and  c.    Hence  may  be  deduced  the  following  coroL 
laries  : 

2*2:6.  CoROL.  I.  The  true  and  imaginary  places  of 
the  eye,  and  the  true  place  of  the  object,  with  its 
place  in  the  optic  orbit,  always  form  a  parallelogram. 
The  object's  true  place,  and  the  eye's  imaginary  place, 
are  at  the  extremities  of  one  diagonal ;  the  object's 
place  in  the  optic  orbit,  and  the  eye's  true  place,  are 
at  the  extremities  of  the  other  diagonal. 

%^1.  CoROL.  II.  Consequently,  the  situation  of  the 
optic  place  of  the  object  is  always  opposite  to  that 
of  the  eye's  true  place. 

C*  h.  CoROL.  III.  When  the  object  is  immoveable 
in  O  fig.  2,  PI.  III.),  the  optic  orbit  ab  v  is  a  line 
similar  and  equal  to  the  eye  s  real  orbit  D  E  F,  and  is 
in  a  parallel  plane.  For,  as  the  parallelograms  D  a^ 
E  //,  F  ^ ,  have  the  diagonal  S  O  common,  which  is 
also  the  common  intersection  of  their  planes ;  and, 
as  their  bases  SD,  SE,  SF,  are  situated  in  one 
plane,  namely,  the  plane  of  the  eye's  orbit ;  their 
parallels  and  equals  (>  r/,  Oby  O  ^ ,  must  also  be  in 
one  plane  parallel  to  that  of  the  eye's  orbit ;  making 
the  angles  a  O  /;,  bO  c  equal  respectively  to  the 
angles  DSE,  ESF.  Consequently,  the  point*  ^,  A,  r, 
must  be  in  a  line  equal  to  the  line  D£  F,  and  in  a 
parallel  plane,  but  in  an  opposite  situation.  If  the 
eye's  path  be  supposed  a  circle,  with  the  imaginary 
place  at  the  centre;  and  the  object  is  immoveable 
either  within  or  without  that  path  ;  it  iif  evident  ironi 
this  corollary  that  the  optic  path  will  also  be  a  circle : 
this,  by  way  of  distinction,  we  call  the  epki/clt  of  the 
object. 

22y.  CoROL.  IV.  When  the  object  is  immove- 
able, and  in  the  plane  of  the  eye,  its  optic  orbit  will 
also  be  in  that  plane. 

230.  CoROL.  V.  When  the  object  is  immoveable, 
and  situated  in  the  eye's  imaginary  place,  it  appears 
to  be  at  the  extremity  of  a  radius,  equals  and  in  the 
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same  direction,  with  that  drawn  from  the  eyc*s  true 
place  to  the  centre.  Hence,  if  the  eye  describe  a 
circle  or  an  ellipsis,  the  centre  of  which  is  the  eyc*« 
imaginary  place,  as  well  as  the  real  place  of  the 
object,  the  object  will  appear  at  the  extremity  of  a 
diameter  passing  through  the  eye,  and  consequently 
it  will  seem  to  describe  the  same  orbit  with  the 
eye. 

231.  CoROL.  VT.  When  the  object  is  immove* 
able,  its  apparent  velocity  in  its  optic  orbit  is  equa^ 
to  the  eye's  real  velocity  in  its  orbit. 

232.  Lemma  I.  Let  QJ  (fig.  3,  PI.  HI.)  be  the 
plane  of  a  great  c'uxlc  of  the  sphere ;  FG  a  plane 
touching  the  fiphere  in  H  ;  H  L  the  plane  of  a  small 
circle  parallel  ^0  QJ,  and  parsing  through  Wi  then 
the  inclination  of  the  plane  H  L  ^0  the  plane  F  G, 
is  measured  by  the  complement  of  the  an  (^Ji; 
and  the  radius  of  II L  is  to  the  radius  of  <^I,  as 
the  co'sine  of  QJH  is  to  radius.  For,  drawing 
from  the  centre  I,  the  radius  I H,  the  angle  MH  L=9 
inclination  of  the  plane  F  G,  with  the  plane  of  the 
parallel  H  L,  is  the  complement  of  the  angle  L  H  L 
or  it  is  the  complement  of  the  angle  H  I Q^,  measured 
by  the  arc  Oj  1 :  and  H  L  is  manifestly  the  co-sine 
of  QJH,  QjT  being  radius. 

Q\i9.  Lemma  II.  Ij  Jrom  all  the  points  AsM^D, 
B,C  (fig.  4,  PI.  III.),  of  the  circumference  of  a 
circle  situated  in  a  plane  N  H  K  S,  inclined  to  an* 
other  plane  N  G  I H,  the  lines  A  a,  M  m,  D  d, 
B  b,  C  c,  &;c.  be  draun  perpendicular  to  the  latter 
plane ;  they  trill  ter7ninate  in  the  circuvifcrence  of 
an  ellipsis  a  d  b  c,  rvhose  greater  axis  a  b  xcill  ht 
equal  and  parallel  to  that  diameter  of  the  circk 
which  is  parallel  to  the  plane  H  G,  or  to  its  inter- 
section H  N ;  and  the  less  axis  c  d  xvill  anstcer  to 
the  diameter  C  D,  perpendicular  to  the  plane  H  G, 
or  its  ifitersection  H  N,  and  xcill  be  to  the  greater 
axis  a  b,    as  the  co-sine  of  the  inclination  of  thi 
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planes  HG,  HK,  is  to  radius.    For,   since  A  B, 
the  diameter  of  the  circle,  is  parallel  to  the  plane 
H  G,  and  the  perpendiculars  A  tf,  B  A,  are  parallel 
to  each  other,    the  figure  Aab'R  is  a  iight-angled 
parallelogram,  and  consequently   A  B  =  r/  ^.     The 
diameter   C  D,  perpendicular  to  H  N  and  to  A  B, 
bisects  these  two  lines  ;  also  the  plane  c  V  C  contain- 
ing the  perpendiculars  C  r,  D  £/,  is  therefore  perpen- 
dicular to  the  plane  H  G,  and  equally  distant  from  the 
parallel  planes   i/  H  A,    6  N  B.     Consequently,  c  d^ 
perpendicularly  bisects  a  by  the  angle  r*  V  C  is  equal 
to  the  inclination  of  the  planes  H  G,  H  K,  and,  be- 
cause of  the  similar  right-angled  triangles  c  V  C, 
/  V  F,  ^/  V  D,  the  parts  cfy  f  d^  of  the  right  line  c  d^ 
are  equal  to  one  another,  since  £  F  is  evidently  equal 
to  F D.     The  same  triangles  shew  that  cdiCH  or 
ab  :  :  c  V  :  V  C  : :  co-sine  c  V  C  :  radius,  because 
C  c  V  is  a  right  angle.     Hence,  c  d^  a  b^  are  to  one 
another,    as  the  co-sine  of  the  inclination  of  the 
planes   to  radius.     We  have  now  to  shew  that  the 
curve  a  c  h  d  is  an  ellipsis,  of  which  a  h^  cd^  already 
shewn  to  bisect  each  other  perpendicularly,  are  the 
axes  ,  in  order  to  which,  draw  any  ordinate  M  P  to 
the  circle,  and  draw  M  ;;/,  P  />,  perpendicular  to  the 
plane  H  G.     The  point  P  being  in  the  diameter  A  B, 
the  perpendicular  P p  is  parallel  to  A/7,  B  />,  and  in 
the  plane  of  the  rectangle  Aa'&b ;  it  consequently 
falls  upon  the  line  a  A,  making  ap^  p  b^  respectively 
equal  to  A  P,  P  B.     But  P  M  being  perpendicular  to 
A  B  and  to  H  N,  and  parallel  to  D  C,  the  plane 
PX/>   containing  the  perpendiculars  P/?,    M ///,  is 
parallel  to  the  plane  C  V  c* ;  therefore  p  m  is  perpen- 
dicular to  a  by  and  is  an  ordinate  to  the  curve  acbd ; 
alfo^-the  triangles  /?  X  P,  w  X  M,  c  V  C,  d  V  D,  are 
similar;  hence p  m  :  PM  :  \  c d  \  CH  or  a b ;  orhy  the 
^ture  of  proportion  pm*  :FM^  : :  c  d^  :  a  b\  Now 
PM*  =  APxPB  =  flpXp6.     Substitute  this  in- 
stead of  P  M*  in  the  foregoing  analogy,  and  there 
arises  dm*^ :  apXp  b  *  •  cd^ :  ab^:  this  is  a  well- 
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most  always  within  the  body  of  the  sun»  and  can 
never  be  at  the  distance  of  its  semi-diameter  from 
\t ;  so  that,  instead  of  the  sun's  motion  round  the 
common  centre  of  gravity  being  obvious  to  common 
observers^  it  must  require  a  considerable  degree  of 
care  and  patience  to  discover  it  at  alt,  only  as  it  is 
deduced  from  phvsical  principles.     On  the  whole^ 
we  think,  the  candid  enquirer  after  truth  will  see  much 
in  the  system  here  explained  to  recommend  it  to  hisb^ 
notice :  we  therefore  proceed  to  give  the  theory  oP" 
apparent  motions,  and  then  to  deter^iiQe  the  ^'~ 
tances,  dimensions,  &c.  of  the  planets ;  in  the  cc 
of  which  other  evidences  of  the  truth  of  this  hypq-^ 
thesis  will  frequently  present  themselves^ 
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dlmost  an  infinite  distance  from  the  eye  S,  and  the 
radii  drawn  from  the  centre  to  the  surface  of  a  sphere 
being  perpendicular  to  it ;  then  the  right  lines  A  a^ 
3bj  Cr,  D^,  &c.  parallel  to  each  other^  are  considered 
as  perpendicular  to,  and  terminating  at,  the  plane 
H  N  G  I,  inclined  to  the  plane  HK.  Therefore  (Art. 
233O  ^he  curve  a  cbdis^xi  ellipsis,  the  greater  axis  a  b 
ot  which  is  equal  to  the  diameter  A  B  of  the  circle 
A  C  B  D  ;  its  less  axis  c  ^  is  perpendicular  to  the 
plane  of  the  eye's  orbit,  and  is  to  the  greater  axis 
a  b^  2A  the  sine  of  the  arc  Q  H  to  radius. 

I^,i6.  CoROL.  I.  The  projection  a  cb  of  that  part 
of  the  circle  A  C  B  nearest  the  eye,  is  the  part  of  the 
ellipsis  raised  most  above  the  plane  of  the  eye,  or  the 
part  most  distant  from  that  plane :  on  the  contrary, 
the  projection  b  d  a  of  that  part  of  the  circle  B  D  A 
opposite  to  the  eye^  or  most  distant  from  it,  is  the  in- 
teriour  part  of  the  ellipsis,  that  is,  the  part  nearest  to 
the  plane  of  the  eye's  orbit. 

l^.'j?.  CoKOL.  11.  The  more  perpendicular  the  plane 
of  the  optic  orbit  is  to  the  eye's  true  orbit,  the  more 
its  elliptic  projection  approaches  to  a  circle  ;  and  vice 
versa  :  so  that,  if  the  optic  orbit  answered  to  the 
pole  Z  of  a  great  circle  in  whose  plane  the  eye's  or- 
bit is  placed,  its  projection  would  then  be  a  circle, 
because  both  axes  of  the  ellipsis  would  be  equal:  but 
if  the  optic  orbit  were  in  the  same  plane  with  the 
eye's  orbit  (the  less  axis  being  then  indefinitely 
small),  the  elliptic  projection  would  become  a  right 
line  equal  to  the  greater  axis  of  the  ellipsis,  or  to  the 
diameter  of  the  optic  orbit. 

^:^S.  CoKOL.  III.  Hence,  when  a  celestial  object, 
F,  is  immoveable  in  the  heavens,  and  at  a  very  great 
distance  from  the  eye  of  the  observer,  who  conceives 
himself  at  rest  in  S,  the  centre  of  the  circle  he  really 
describes — ist.  The  object  is  never  seen  at  the  true 
place,  /,  where  the  visual  ray  terminates,  but  appears 
to  describe  an  ellipsis,  ac  b  d,  about  the  true  place,  y , 
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at  each  revolution  of  the  eye  in  its  orbit;  andcon* 
cequently  appears  going  sometimes  in  one  direction, 
ac  byVCi  describing  one  semi-ellipsis^  when  it  is  said  to 
be  direct;  and  then  in  a  contrary  direction,  h  da^  when 
it  describes  the  other  semi-ellipsis,  which  apparent 
motion  is  called  retrograde  :  sdly.  Its  velocities  must 
also  be  very  unequal :  for  when  the  object  in  its  ap- 
parent motion  is  near  one  end,  {*  or  (/,  of  the  less  axis, 
the  space  it  runs  through  being  in  full  view,  it  then 
seems  to  move  very  fast ;  but,  as  it  gradually  ap- 
proaches the  ends  a  or  b  of  the  ellipsis,  it  then  seems 
to  slacken  its  pace,  because ,  the  arc  that  it  describes 
is  more  oblique  to  the  visual  rays;  and  when  the 
object  is  at  either  extremity  of  the  greater  axis  of  the 
ellipsis,  it  seems  for  some  time  stationary  or  im* 
moveable ;  after  that,  changing  its  direction,  it  revolves 
under  difterent  circumstances,  as  just  described. 

23^}.  Lemma  III.  If  on  the  circumference  and  in 
the  plane  of  a  circle,  ABC  (fig.  5,  PI.  III.),  another 
circle,  AMD  P,  be  supposed,  that  at  first  has  no  other 
motion  than  to  turn  on  its  centre  O,  in  the  direction 
of  the  letters  A,M,  D,  P ;  it  is  obvious  that  although 
any  point.  A,  of  its  circumference,  in  turning,  has  all 
kinds  of  directions,  yet  with  respect  to  the  centre  S 
it  has  properly  but  two  opposite  directions,  the  one 
direct^  in  describing  the  fiuptnour  scmicifrle  M  D P, 
the  other  rc/roaraucy  when  it  describes  the  injeriour 
ACf/firircle  P  A  M. 

But,  if  the  centre  O  of  the  circle  A  M  D  P  be 
supposed  to  move  in  the  direction  O I N,  so  that  it 
roll  as  a  wheel  on  the  circumference  ABC  ;  then  it 
is  evident, 

dU).  1st,  That  the  track  of  this  centre  is  a  con- 
centric circle  OIN  greater  than  the  circle  ABC. 

cdly,  That,  the  point  A  returns  to  the  circumfe- 
rence of  the  circle  ABC,  when  it  has  described,  be- 
sides a  whole  rotation  on  its  centre  O,  an  arc  BLof 
its  circle  shnilar  to  the  arc  AB,  comprehended  between 
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tl:\e  pdoit  A  departed  from,  and  the  point  B  returned 

to  :  for,  the  point  A  being  at  its  departure  relative 

to  a  fised  point  infinitely  distant  in  the  direction  of 

tile  radius  O  H,  its  whole  rotation  on  its  centre  is 

fiziished  when  it  returns  to  the  radius  directed  to  that 

point :  when,  therefore,  the  point  A  is  arrived 

B  on  the  circle  ABC,  if  through  the  centre  I, 

I^XA  be  dravm  parallel  to  AH,   these   two  right 

Hues  will  coincide  at   that  infinitely  distant   fixed 

pcnnt,  and  the  point  L  is  the  relative  situation  of  the 

I>oint  A  ;  and  the  centre  being  in  B,  it  has  described 

*  '  s  whole  circle  +  the  arc  B  L,  containing  a  number 

f  d^ees  equal  to  O I  or  A  B,  because  of  the  paral- 

Ids  ihj  AH;  though  respectively  to  S  the  point  A 

^^tois  to  have  made  but  one    rotation  about  its 

<:rcntre. 

3dlyv  Marking  the  track  A  e  Qj"  B  K  C  described 

l>y  the  point  A  at  each  return  to  the  circle  ABC; 

l>ythe  first  return  is  described  a  curve  AeQjo*B, 

^^ed  an  Epicycloid ;  the  second  forms  another  epi- 

crydoid  B  K  C,  and  so  on.    Now  there  may  occur 

«ree  cases. 

241.  Case  LIf  the  circle  ABC  remain  immove- 

^Ic,  while  AMDP  (Fig.  5,  PL  III.)  runs  on  its  cir- 

cumference,  then  every  epicycloid,  as  A  e  Q^  B,  is 

csikd^gimpie  or  ordmary^  and  the  following  proper- 

ties  respecting  it  are  evident : 

ist^  Though  the  velocities  of  the  circle  be  ever  so 
unequal)  the  arc  AB  (called  the  base  of  the  epicy- 
doid)  is  equal  to  the  circumference  AMDP. 

adly,  Ir  the  arc  OI,  similar  to  the  arc  AB,  be  di- 
vided into  four  equal  parts  at  the  points  £,  F,  G  ; 
the  <;entre  O  will  have  arrived  at  the  point  £,  when 
the  point  A  has  described  a  fourth  part  of  its  track 
in  returning  to  the  circle  ABC:  the  same  happens 
at  the  points  F,  G,  I,  where  the  centre  of  the  circle 
A  M  D  P  is  found  at  the  end  pf  each  fourth  part 
of  its  return  to  the  circumference  ABC.  Therefore^ 


160  Theory  of  apparent  Motions. 

if  through  the  point  F  be  drawn  a  radius  S  F, 
prolonged  till  (^F  =  F  T,  it  will  give  the  point  (^ 
for  the  vertex  of  the  epicycloid ;  and  the  part  Q  T 
will  be  its  axis,  being  equal  to  the  diameter  of  me 
circle  A  M  D  P.  And  if  from  the  point  £  as  a 
centre,  with  a  radius  equal  to  O  A,  an  arc  of  a  circle 
be  described  towards  A,  it  will  intersect  the  epicy« 
cloid  in  6',  the  situation  of  the  point  A  when  the  point 
O  was  at  £•  In  the  same  manner  the  point  A  will 
also  be  found  to  have  been  in  g',  when  the  centre 
was  in  G ;  whence  it  follows,  that  the  arc  A  c  was 
described  while  the  point  A  was  retrograde  in  de- 
scribing  a  part  A  M  of  its  inferiour  semicircle ;  and 
the  arc  e  C^  was  described  while  the  point  described 
its  upper  semicircle  M  D  P  with  a  direct  motion : 
lastly,  the  arc  .<»  B  was  described  while  the  point  A 
was  retrograde  in  the  other  part  P  A  of  its  inferiour 
semicircle. 

3dly,  'i  he  epicycloid  is  bisected  in  the  vertex  (^ 
and  the  legs  Qj'  A,  Q^rr  B,  of  the  curve  are  equal, 
and  similarly  posited  with  respect  to  the  axis  TQ^ 

4thly,  The  arcs  A  r,  {^  B,  bend  towards  the  axis 
T  Q,  because  the  retrograde  motion  of  the  point  A 
carries  them  in  that  direction  :  but  they  do  not  re- 
turn into  themselves  (as  in  fig.  8,  PI.  III.);  because  the 
path  O I  of  the  centre  A  being,  in  every  revolution, 
greater  than  the  arc  A  B,  which  is  equal  to  the  cir- 
cumference A  M  D  P,  the  motion  of  that  centre  in 
the  direction  O I N  draws  the  point  A  towards  K^ 
more  than  its  retrograde  motion  about  the  centre  0 
carries  it  in  an  opposite  direction. 

fthly,  The  describing  point  A,  in  passing  fitwi 
the  leg  Q^t;  B  into  the  leg  B  K  of  the  next  epicycloid^ 
makes  an  angle  at  B:  for  the  point  describing  the 
last  leg  of  the  epicycloid  A  Q^B,  the  instant  it  comes 
to  B,  begins  to  rise  again  into  the  first  leg  of  the  other 
epicycloid  B  K  C,  and  describes  no  space  between 
those  legs. 
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6thly,  The  point  A  always  appears  direct  uhen 
viewed  from  S  ;  but  the  velocity  seems  to  be  accele- 
rated all  along  the  leg  A  t'  Q^  to  be  greatest  at  the 
vertex  (^  and  then  to  be  retarded  along  the  leg 
Og B,  8o  as  to  become  nothing  in  the  point  B  : 
after  thb  it  undergoes  the  same  changes  in  the  second 
and  subsequent  epicycloids,  as  in  the  first. 

24G.  Case  II.  If,  while  the  circle  A  M  D  P  rolls 
on  ABC  (fig.  7,  PI.  III.)  the  latter  should  also  turn 
on  its  centre  S,  in  the  same  direction  ABC;  or,  in 
general,  if  the  centre  of  the  circle  A  M  D  P  advances 
in  the  circle  O  F  I,  with  a  greater  velocity  than  the 
point  A  has  in  revolving  in  the  circle  A  M  D  P ;  then 
the  epicycloid  described  during  the  revolution  of  the 
point  At  would  be  lengthened^  and  evidently  have 
the  following  properties : 

I  St,  Siqice  all  the  ppipts  of  the  simple  epicycloid 
would  advance  towards  C,  ahhough  the  circle  ABC 
were  at  rest ;  therefore,  if  A  B  C  advice  also  in  the 
$anie  direction,  the  velocity  of  the  describing  poini 
must  be  greater  in  that  direction,  and  consequently 
make  the  spaces  longer  in  a  given  time ;  so  that  the 
base  A  B  of  the  epicycloid  must  be  equal  to  the  sum 
of  the  circumference  A  M  D  P,  and  that  arc  which  the 
ctip)^  ABC  h^  des(:ribed  during  the  interval  occu^ 
pied  by  the  point  A  in  leaying  ABC,  and  returning 
to  it  again. 

ddly.  If  the  motions  of  the  two  circles  are  uni- 
form,  the  points  G,  F,  E,  dividing  O  I  into  four 
equal  parts,  will  determine,  by  the  same  method  as 
in  Case  I.  the  epicycloidal  arcs  A  r,  v  Q^,  Q^i,'',  g  B, 
corresponding  with  the  motion  of  the  pojnt  A  in  the 
inferiour  and  superiour  parts  of  its  circle ;  the  axi;> 
T  Qwill  here  also  be  equal  to  the  diameter  A  D,  and 
the  legs  Oe  A,  Qjf  B,  will  be  equal,  and  similarly 
posited  wim  respect  to  the  axis, 

3dly,  The  greater  the  velocity  of  the  circle  ABC, 
the  less  the  arcs  A  e^  g  B,  bend  towards  T  (^ 

M 
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4chly,  The  describing  point  does  not  form  an 
angle  in  passing  from  the  leg  Q^  B  into  the  leg  BK, 
but  makes  a  curve  in  B,  which  is  more  obtuse  as  the 
velocity  of  the  circle  A  B  C  is  greater ;  for  this  velo- 
city makes  the  point  A  descend  more  obliquely  along 
the  leg  Q^  B ;  and  when  arrived  at  B,  causes  it  to 
describe  a  small  space  on  A  C  B  before  it  ascendt 
into  the  leg  B  K,  so  that  the  passage  is  through  a 
curve  g'BK. 

5thly,  The  point  A  is  always  direct  when  viewed 
from  the  point  S ;  and  its  velocity  is  accelerated  from 
A  to  Qj  from  B  to  K,  &c.  but  is  retarded  from  (^ 
to  B,  where  it  appears  to  be  only  equal  to  the  velodtj 
of  the  circle  ABC. 

243.  Case  III.  If  during  the  interval  between  A's 
leaving  the  circle  ABC  and  returning  to  it  again^ 
that  circle  should  also  turn  on  its  centre,  but  in  an 
opposite  direction ;  or,  in  general,  if  the  centre  of 
the  circle  A  M  D  P  advances  in  the  circle  O  F  I,  with 
less  velocity  than  that  with  which  the  point  A  moves 
in  the  circle  AM  DP,  then  the  epicycloid  wiH  be 
shortened.     This  case  might  be  subdivided  into  seU' 
ral  others,  but  as  it  is  not  desirable  to  render  thii 
theory  very  complex,  we  shall  only  consider  that  in 
which  the  retrograde  velocity  of  the  circle  ABC  m 
supposed  less  than  that  of  the  point  A  in  its  circle 
AMDP.     Now  on   this    hypothesis  it  may  be  ^^ 
marked : 

ist,  If  the  circle  ABC  (fig.  8,  PI.  III.)  had  r6 
mained  immoveable,  none  of  the  points  of  the  cpi^- 
cloid  would  have  become  retrograde ;  but,  as  the 
motion  of  A  B  C  is  retrograde,  it  must  augment  Ac 
velocity  of  the  point  A  in  the  inferior  semidrcie 
where  it  is  retrograde,  and  diminish  it  in  the  superior 
semicircle  where  it  is  direct.  Hence  it  follows,  diat 
the  ektent  of  the  epicycloid  will  be  contracted  in  the 
direction  ABC,  its  base  becoming  equal  to  the  dif- 
ference between    die  circumference   of  the  circle 
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AMDPy  and  the  arc  which  the  circle  A  B  C  has  de« 
scribed  in  the  intervening  time  between  A's  leaving 
and  returning  to  that  circle. 

sdly.  The  motions  of  the  two  circles  being  uni- 
form, the  arcs  Af,  eC^j  Qj?*,  ^B,  answering  to 
the  upper  and  lower  parts  of  the  circle  AMDP, 
will  be  found  as  in  the  former  cases ;  here  also  the 
axis  TQzzAD,  and. the  legs.  Q^  A,  Q^B,  are 
equal,  anci  in  similar  positions  relatively  to  T  (X 

3dly,  The  arcs  A  f ,  g-  B,  corresponding  to  t!ie  re- 
trograde motion  of  the  point  A,  are  more  curved 
towsirds  the  axis  TO.  in  proportion  as  the  velo- 
city of  the  circle  ABC  is  greater }  and  at  the  point 
B  the  arc  must  turn  inwards;  because  then  the  point 
A  moves  contrary  to  the  tendency  towards  C  by  the 
Qum  of  both  motions. 

4thly,*  The  passage  of  the  point  A  through  the 
point  B  is  made  by  a  curve  ^  B  ;;i  returning  towards 
itself:  for  when  A  has  described  the  leg  Q^  B  and 
arrives  at  B,  the  retrograde  velocity  of  the  circle 
A  ft  C  causes  it  to  describe  a  small  space  before  A 
ascends  by  the  leg  BmlL. 

5thly,  The  point  A  viewed  from  S,  appears  some- 
times direct,  sometimes  retrograde,  and  sometimes 
immoveable  or  stationafy.  For  the  tangents  S  ?f^ 
Sm,  S^,  S^,  &c.  being  drawn  from  the  point  S, 
shew  that  A  appears  direct  in  describing  the  arc 
n  QJ9  all  the  parts  of  that  ar^  being  passed  over  by 
an  angular  motion  of  S ;/  produced  from  the  posi- 
tion Sn  to  S  ^ ;  when  the  generating  point  A  is  in 
the  tangent  S  /,  it  must  appear  stationary,  since  it 
tends  towards  neither  C  nor  A  during  the  time  of 
describing  the  arc  of  the  curve  coincidhig  with  the 
tangent ;  afterwards  while  the  arc  /  B  m  is  described, 
the  generating  point  seems  to  have  a  retrograde  mo- 
tion between  the  tangents  S  /,  S  7/1 :  in  the  point  m  it 
again  appears  stationary,  for  the  same  reason  as  at  the 
point  /;  it  seems  direct  in  the  arc  tnHy^  stationary  at 
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y,  retrograde  in  y  C;  and  so  on.  Hence,  the  point  A 
appears  to  be  twice  retrograde^  twice  stationary,  an4 
once  direct. 

6thly,  The  velocity  of  the  point  A  must  appear 
equal  to  nothing  in  the  stationary  points ;  then  it  ap- 
pears accelerated  until  A  arrives  at  the  vertex  of  the 
curve,  where  the  velocity  seems  greatest ;  afterwards 
it  is  retarded  from  the  vertex  to  the  next  stationary 
point :  the  retrograde  velocity  increases  from  t  to  B, 
then  diminishes  from  B  to  n?,  the  following  stationary 
point. 

ylhly.  The  greater  the  velocity  of  the  circle  ABC, 
the  greater  is  the  arc  of  retrogradation,  t^m.-^ 
From  all  this  it  appears  that,  in  these  kinds  of  mo- 
tions, the  nature  of  the  epicycloid  generally  depends 
upon  the  relation  of  its  base  A  B  to  the  circumfe- 
rence of  the  circle  in  which  is  the  generating  point. 

S44.  Scholium.  If  in  the  second  and  tlurd  cases, 
the  motions  of  the  circles  had  not  been  uniform,  or 
had  not  accelerated  and  retarded  in  a  constant  ratio 
to  each  other,  the  epicycloid  would  have  been  less 
regular,  and  the  axis  TQ^not  in  the  middle  be- 
tween the  legs  Or  A,  Q  ^  B ;  nor  would  the  legs 
be  equal,  or  in  like  positions ;  for  one  would  be 
longer  than  the  other,  according  as  the  combinadon 
of  the  velocities  urged  more  on  one  side  than  on  the 
other.  But  still  the  epicycloid  would  retain  nearly 
the  same  general  figure ;  that  is,  it  would  always 
have  a  curvature  towards  B,  disposed  as  pointed 
out  in  the  respective  cases. 

245.  Theorem  II.  If  an  olfjtrt  and  the  eye  turn 
in  the  same  di/^eciion  rrith  uniform  angular  reloci- 
tics  V,  u,  in  two  coficentric  circles  xchosc  radii  arc 
R,  r,  the  eye's  imaginary  place  being  at  the  centre; 
the  optic  orbit  of  the  object  is  a  cuj^k'  compounded  of 
a  number  of  epicycloids ^  equal  to  the  number  of 
ti?nes  the  eye  is  found  in  the  plane  of  comparison 
(Art.  224. J  OH  the  same  side;  and  if  the  eye  run 
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through  the  inner  cinle^  these  epicycloids  are  simple^ 
lengthened^  or  shortened^  according  a^  V  R  —  V  r  is 
equalj  greater^  or  less  than  u  r  —  V  r ;  but  if  the 
eye  run  through  the  outer  circle^  the  nature  of  these 
epicycloids  will  be  ascertained  by  the  relatiofi  of' ur  — 
uR  to  VR  — uR. 

Demon.  When  the  object  is  immoveable,  and  the 
eye  revolves  in  a  circle,  the  observer,  who  thinks 
himself  immoveable  at  the  centre  of  his  orbit,  never 
sees  the  object  in  its  true  place,  but  it  appears  to 
him  as  describing  a  circle  about  its  true  place,  equal 
to  the  circle  described  by  the  eye,  and  with  equal 
velocity  (Art.  230.)  Therefore  u  die  object  and  the 
eye  both  move  at  the  same  time  in  concentric  circles, 
tne  motion  of  the  object  will  appear,  with  respect  to 
the  eye's  imaginary  place,  as  compounded  of  a  mo- 
tion revolving  in  an  epicycle  (Art.  228.)  about  the 
object's  true  place,  and  of  a  real  motion  of  the  cen- 
tre of  that  epicycle  in  the  otnect's  orbit.  The  object 
is,  therefore,  relatively  to  the  eye's  imaginary  place, 
in  a  similar  case  to  that  of  the  point  A  (figs.  SiJjS^ 
PL  III.)  with  respect  to  the  point  S.  The  optic  path 
of  the  object  must  then  be  a  series  of  epicycloids 
equal  to  the  number  of  times  the  eye  returns  to 
the  same  side  in  the  plane  of  comparison  (for  by 
these  returns  only  the  object  appears  to  have  made 
a  revolution  in  its  epicycle,  with  regard  to  the  point 
S)  ;  the  nature  of  these  epicycloids  depends  on  the 
rdation  between  the  circumference  of  the  epicycle, 
or  of  the  eye's  orbit,  and  the  magnitude  of  ^e  arc 
AB,  similar  to  the  arc  OI,  which  the  object  de- 
scribes during  the  interval  of  the  ^ye's  quitting  and 
returning  to  the  plane  of  comparison. 

246.  I.  To  find  the  expressions  for  this  relation, 
it  must  be  observed  that,  as  the  eye  zebU  the  object 
move  tn  the  same  direction,  the  eye  advances  towards 
the  plane  of  comparison  only  by  the  excess  of  the 
eye's  velocity  over  that  of  the  object.    Therefore,  as 
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the  excess,  f/— V,  of  the  eye's  angular  vclodtf 
above  chat  of  the  object  for  any  time,  is  to  V,  We 
object's  velocity  during  the  same  time ;  so  is  360% 
the  sum  of  the  excesses  of  the  angular  velocities 
gained  by  the  eye  upon  the  object  in  returning  to  the 
plane  of  comparison,  to  the  sum  of  the  angular  vdot 
cities  during  the  interval  of  that  return :  this  produces 

\_y"  for  the  expression  of  the  angle  OSI  or 

ASB  (figs.  5,  7,  8,  PL  in.)  equal  to  that  suou 
Now  the  radius  of  the  arc  AB  is  SO— 'AO=: 
R  —  r;  and  as  the  arc  varies  in  proportion  to  the  pro- 
duct of  the  angle  into  the  radius>  therefore  the  arc 

AB  rr^^l^X  R^^.    The  epicycle  APDM 11 

by  the  same  reason  360*^  X  r.    Consequently  the 

arc  AB,  is  to  the  e^Hcycle  APDM,  as  ^^^y^ 

X  R^=^,  to  360^  X  r;  or,  as  ^^  X 
or,  as  V  R — V  r  to  ?/  r — V  r;  or  lastly,  as 

u  —  V 

i!47.  II.  When  the  orbit  MDP  of  the  object  rfig. 
6,  Plate  III.)  is  included  in  that  of  the  eye;  as  when 
the  eye  reklly  describes  the  arc  ab  in  the  time 
it  returns  to  the  plane  of  comparison  on  the  same 
side  ;  then  the  centr6  S  of  the  object's  orbit  will  seem 
(Art.  23 1 .)  to  describe  the  equal  arc  O I ;  and  since 
the  object  makes  at  the  same  time  a  revolution  in  its 
circle  MDPj  therefore  to  an  eye  situate  in  the  inm- 
ginary  place  S,  the  object  appears  to  move  ib  a 
circle  equal  to  MDP,  while  the  centre  of  that  c&rle 
describes  the  arc  Ol.  Hence  the  optic  orbit  of  the 
object  must,  in  this  case  also,  be  a  curve  A  QJB  KC 
composed  of  Epicycloids,  whose  nature  depends  upon 
thie  relation  between  the  arc  A  B,  and  the  drctun* 
ference  of  the  circle  MDP.  Now  the  arc  A B  & 
the  sum  of  the  angular  velocities  of  the  eye;  die 
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radius  of  that  arc  is  r — R;  and  MDP  is  maiii* 
festly  rq>resented  by  360^  X  R  j    the  arc  A  B  = 

^——^  X  /•  —  R»  Consequently,  the  nature  of  these 
epicycloids  depends  upon  the  relation  of  m  r  -—  2^  R 
loVR  — «Rj  or  of  ^-=^to  ^^^. 

fi48.  CoROL.  I.  Whether  the  velocities  of  the 
eye  and  the  object  be  uniform  or  not^  the  object's 
•ent  place  is  always  at  the  vertex  of  the  epicy- 
cloid, if  the  eye's  true  place  is  in  the  plane  of  com- 
parison, and  its  imaginary  place  between  the  object 
and  the  eye;  likewise,  the  object's  apparent  place 
IS  always  at  the  bottom  of  the  epicycloid,  when  the 
eye's  true  place  being  in  the  plane  of  comparison,  is 
between  the  object  and  the  eye's  imaginary  place, 
or  the  object  between  the  eye's  true  and  imaginary 
place.  For  the  vertex  of  the  epicycloid  is  the  far- 
thest point  from  the  centre  S,  and  its  base  the  nearest 
to  it.  Now  it  is  obvious  that  when  the  eye  is  in  the 
plane  of  comparison  and  beyond  the  eye's  imaginary 
place  relatively  to  the  object,  the  eye  is  then  at  its 
greatest  distance  from  the  object :  but  when  the  eye 
IS  on  the  nearer  side,  or  the  object  is  between  the 
eye  and  its  imaginary  place  S,  then  the  eye  is  nearest 
to  the  object.  Therefore^  in  the  first  case  the  object's 
apparent  place  is  at  its  greatest  distance  from  the 
eye's  imaginary  place ;  and  in  the  two  other  cases  it 
is  nearest. 

249.  CoROL.  2.  The  projections  of  epicycloids  in 
the  concavity  of  the  heavens,  must  be  a  kind  of  el- 
fiptic  epicycloids,  whose  axes  T  Qjire  to  one  another 
as  the  sines  of  the  celestial  arcs  measuring  the  dis- 
tance from  the  plane  of  the  eye  to  that  of  the 
object^  epicycle  (Art.  235.),  and  whose  vertices 
C^,  K,  must  appear  as  the  pdints  nearest  to  the 
eye's  plane ;  also  the  extremities  A,  B,  C,  must  ap- 
pear as  the  points  most  distant  from  the  eye's  orbits 
(Art.  236.) 
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350.  In  applyiitg  th^   preceding  theory  to   tlitf 
phenomena  arismg  irom  the  earth's  annual  motion^ 
it  must  be  observed,  i.  Thsit  what  has  been  called 
the  plane  of  the  eyc^s  orbit ^  is  the  plane  of  the  eclip- 
tic.    9.  That,  the  eyt^s  orbit  is  the  ellipsis  described 
annually  by  the  eafth  about  the  sun,  which  eUipsi$ 
differs  but  little  from  a  circle  (Art.  31 1.)*     3«  'I^^ 
as  the  sun  apparently  describes  this  ellipsis  about 
the  earth,  and  the  earth  appears  to  be  in  the  centre 
•f  the  celestial  motions,  though  it  be  quite  the  con^ 
t^ary,  what  has  been  called  the  eyc^s  imaginary  place^ 
is  the  true  place  of  the  sun's  centre.     4.  That  the 
plane  of  comparison  is  the  plane  of  a  great  circle 
perpendicular  to  the  ecliptic,  passing  through  both 
the  sun  and  the  heavenly  body  observed.     Tnerefbre 
(Art.  46.)  when  the  eye  is  placed  in  the  plane  of  a 
circle  of  latitude,  if  it  sees  the  sun  and  a  star  or 
planet  on  the  same  side,  the  star  or  planet  appears 
to  have  the  same  longitude  with  the  sun,  and  is  said 
to  be  in  conjunction  xcith  the  snn^  and  this  may  hap- 
pen in  two  cases  when  the  earth's  orbit  includes  that 
of  the  star  or  planet ;  but  hi  only  one  case  when  the 
star  or  planet's  orbit  includes  that  of  the  earth.     For 
when  the  earth's  orbit  includes  that  of  a  planet,  it 
may  be  seen  on  the  same  circle  of  latitude  with  thesun, 
but  beyond  him,  which  h  called  the  supcriour  conjunc- 
tion ;  or  it  may  be  seen  between  the  earth  and  sun, 
which  is  called  the  infcriour  conjunction.     But  wheB 
the  eye  is  in  the  plane  of  comparison  between  the  star 
and  the  siin,  and  they  appear  to  be  distant  from  each 
other  180  degrees  of  longitude,  the  star  is  then  said 
to  be  in  opposition  to  the  ,sun.    The  general  term 
Si/zygiea  refers  both  to  conjunction  and  opppsition. 
When  the  eye  is  so  situated  that  the  arc  of  the  eclip- 
tic comprehended  between  the  sun  and  the  plane  of 
a  star's  circle  of  latitude,  is  90^,  such  star  is  then 
said  to  be  in  quadrature  with  the  sun.    Leaving 
whSat  we  have  to  say  respecting  the  apparent  mo* 
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tion  of  the  fi^ed  stars^  to  be  given  under  the  head 
of  Aberration  in  a  subsequent  chapter  (Chap.  XXIL  j, 
we  will  in  a  few  words  s^M^ly  this  theory  to  the  re- 
lative motions  of  the  planets. 

45 1  •  The  planets  having  a  proper  motion  in  orbits 
nearly  circular,  whose  planes  (as  will  soon  be  shewn) 
are  inclined  in  very  small  angles  to  that  of  the 
ecliptic,  they  must  appear  to  describe  in  the  heaveniS 
very  flat  elliptic  epicycloids.  But  the  earth's  orbit 
being  included  (Art.  205.  360.)  within  the  orbits  of 
^y  %j  T?,  and  i§y  while  it  includes  those  of  ^  and 
y  ;  it  becomes  necessary  to  distinguish  these  planets 
into  two  kinds,  relatively  to  the  earth.  The  former 
four,  iy  %f  Ji9  and  9,  are  called  sujperiour  or  e^rtt" 
riour  planets;  the  latter,  namely,  j  and  g ,  inf'eriour 
or  interiour  planets :  of  these  the  terms  mperioiir  and 
ififeriour  are  in  most  general  use. 

25*2.  To  know  what  kind  of  epicycloid  each  of 
these  planets  describes,  take  for  the  superhur  the 
expression  of  the  proportion  of  R  V  —  r  V  to  r  u 
—  r V ;  and  for  the  hij'criour  that  of  rn  —  Ku  to 
R  V  —  R  //,  in  which  V  must  express  the  planet' :> 
mean  angular  velocity  for  any  given  length  of  time, 
R  the  radius  of  its  orbit ;  21  the  earth's  angular  ve- 
locity for  the  same  time,  /•  the  radius  of  its  orbit ; 
or  R  and  ;•  may  be  any  two  numbers  bearing  the 
same  ratio  to  each  other  as  the  semidiameter  of  th^ 
planet's  orbit  to  that  of  the  earth's  orbit.  The  mean 
angular  velocities  for  a  day  may  easily  be  found, 
when  the  times  of  the  periodical  revolutions  are 
knovm,  for  they  will  be  expressed  by  the  quotients 
oi  560**  by  the  days  in  which  the  revolutions  are 
perlonned.  The  student  may,  therefore,  after  the 
mean  distances  and  periodical  times  of  the  planets 
are  determined,  find  the  relation  of  RV  — /V  to 
ru^^rV^  orof r//  — Rw  to  RV  —  Rw,  and  he 
wiU  perceive  that  in  every  case  the  antecedent  will 
be  much  less  than  th^  consequent*     But  without 
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entering  into  the  minutiae  of  these  calculations,  sind9 
they  would  not  only  be  of  no  utility,  but  could  not 
possibly  be  inserted  here  without  assuming  too  much 
that  does  not  yet  appear,  we  shall  proceed  to  de* 
duce  from  this  theory  a  few  inferences. 

^53.  L  Since,  with  respect  to   all  the   planets, 
RV — rV  is   less  than  ru — rV,  or  r<i— *-Rtf 
less  than  RV — R  //,  it  follows  (Art.  245.)  that  the 
relative  motions  of  all  of'  them  are  in  shortened  epi* ' 
cycloids. 

254.  IL  AU  the  superiour  planets  are  direct  at  the 
time  of  their  conjunction  xcith  the  sun  (Art.  243.!^ 
retrograde  at  that  of  their  opposition^  and  station^ 
arif  some  time  before  and  after  their  opposition.  And 
as  the  inferiour  planets  cannot  be  in  opposition  to  the 
sun  (because  the  earth  cannot  pass  between  them  and 
the  sun),  but  must  have  two  conjunctions  (Art.  250.), « 
it  follows  that  the  inferiour  planets  are  direct  in  thdr 
sftperiour  conjunctionsj  retrograde  in  their  inferiour 
conjunctions^  and  stationary/  some  time  before  and 
after. 

'255.  IIT.  The  apparent  velocities  of  the  planets^ 
"whether  direct  or  retrograde^  are  accelerated  from 
one  of  the  stationary  pouits  to  the  midway  between 
that  and  the  follmcing  stationary  point,  from  theme 
they  are  retarded  until  the  next  station  (Art.  243.); 
their  greatest  direct  velocity  is  in  their  conjunctions^ 
and  their  greatest  retrograde  velocity  k  in  the  €p^ 
position  of  the  fuperiour planets^  and  in  the  latcerctm* 
junction  of  the  inferiour  planets. 

255.  IV.  Since  (Art.  254.)  the  inferiour  planets 
are  always  direct  in  their  superiour  conjunctions^ 
and  retrograde  in  the  inferiour,  they  appear  least 
xvhen  their  motion  is  direct j  and  greatest  when  the 
motion  is  retrograde. 

9,57.  V.  The  shorter  the  periodic  time  of  an  in^ 
feriour  planet  J  the  more  Jrequent  are  its  stations 


Apparent  Motimis  of  the  Pianets.         1 7 1 

and  retrogradatiotts  (Art.  245.)*  the  shorter  time 
they  continue^  and  the  less  they  are  in  quantity. 

258.  VI.  The  longer  the  periodic  time  of  a  supc^ 
riour  planet^  the  moj^e  frequent  are  its  stations  atut 
retrogradations ;  but  they  are  less^  yet  continue  a 
longer  time. 

959.  VII.  The  inferiour  planets  never  go  farther 
from  the  sun  tJian  such  an  angle  as  measures  the 
apparent  semidiameters  of  their  orbits  as  seen  from 
the  earth.  This  agrees  vrith  what  was  observed 
TArt.  1 99.  200.)  respecting  venus  and  mercury ;  the 
former  of  which  never  comes  to  the  meridian  more 
than  3^  lo"*^  or  47^  sooner  or  later  than  the  sun,  and 
the  latter  never  more  than  i**  50",  or  27!%  earlier  or 
later.  Hence,  when  the  semidiameter  of  the  earth's 
orbit  becomes  known,  we  may  by  means  of  this  angle 
mider  which  the  semidiameter  of  an  inferiour  planet's 
orbit  appears  (called  its  greatest  elongation)  approxi- 
mate to  the  real  semidiameter  of  its  orbit.  But  this 
is  merely  mentioned  here. 

260.  VIII.  When  the  planets  are  in  their  syzij- 
gieSy  their  longitude  seeti  from  the  earth  is  the  saine 
as  their  longitude  seen  from  the  sun ;  except  in  the 
hmer  conjunctioji  of  an  inferiour  planet^  when  its 
longitude  seen  from  the  earth  differs  180*  from  its 
lotigitude  as  seen  from  the  sun.     For  then  the  sun, 
earth,  and  planet,  are  all  in  the  plane  of  the  same 
circle  of  latitude  (Art.  228.).     But  the  planets  mov- 
ing in  orbits  whose  planes  are  somewhat  inclined  to 
another,  and  consequently  always  have  some  latitude, 
except  when  they  are  in  the  intersection  of  the  plane 
of  their  orbit  with  that  of  the  ecliptic  ;  in  the  syzy- 
ries  the  parallax  of  the  annual  orbit  (that  is,  the  dif- 
ference betU'een  a  star's  true  heliocentric  place  and 
its  apparent  geocentric  place^  is  very  sensible  i?i  lati* 
tude  ;  and  out  of  the  syzyglts^  the  parallax  is  sen* 
kible  both  in  longitude  and  latitude. 

26 1.  In  the  preceding  articles  the  motions  of  the 
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planets  are  supposed  uniform,  and  their  orbits  to  be 
circles,  \^ith  the  sun  and  the  eye's  imaginary  place 
at  the  centre.     From  the  near  correspondence,  there- 
fore, of  the  last  eight  articles,  with  what  is  actually 
observed  to  take  place  with  respect  to  the  planets 
(Art.  199.  &c.),  we  may  safely  conclude — In  the 
first  place^  that  the  orbits  of  the  planets  are  fiearlif 
circular ; —  and  in  the  next,  that  the  orbits  of  mer* 
tury  and  venus  are  nearer  the  sun  than  the  orbit 
of  the  earth  is,  that  isj  that  they  are  inferiour  pla» 
nets;  and  that  all  the  rest  are  superiour  planetu 
A  careful  comparison  of  the  stations,  retrogradatioo^ 
and  direct  motions,  of  the  planets,  with  the  appear- 
ances which  ought  to  be  observed  as  resulting  mm 
the  foregoing  theory,  furnishes  us,  therefore,  with 
an  additional  argument  in  favour  of  the  Copemictm 
system  : '  and  on  this  account  the  theory  has  bccD 
given  here ;  otherwise  it  would  have  b^n  deferred 
until  the  real  distances  and  motions  of  the  planed 
were  established  from  observation  *• 

*  Those  who  are  desiroUs  of  seeing  the  tracks  which  the  plandi 
describe  for  a  considerable  time,  relatively  to  the  earth,  are  rcfcrmt 
to  Ferguson's  Astronomy,  Loftg*s  Astronomy,  and  a  paper  of  CmkH 
in  Memoins  d'Acad,  licyah,  ana.  1 709. 
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CHAPTEE  X. 

On  the  Law  by  -which  the  PLimcti  ajm  rttu-i^ i-: 

ihdr  Orbits. 


wt. 


c*- 


Art.262.  previous  to  dctcrtmnn^tfacdciie-ri 

necessary  for  ascertaining  the  cfistauDccs,  tcfohaaaosj 

magnitudes,  and  rotations,  of  the  phoets,  it  car  be 

proper  to  employ  a  few  pages  in  shewn^  tbe  asc- 

mrmity  of  the  opinion  that  the  orbits  oiibc  piarics 

are  elUpdcal,  with  the  present  reodTCil  princ^les  '^ 

mechanical  philosophy  ;  or  in  proring  thai  cht:  n 

tions  in  such  orbits  correspond  with  the  kxowii 

fects  of  the  law  of  gravity.    In  order  to  this,  -r* 

shall  just  recapitulate  a  few  of  such  principles  2r.i 

theorems  (demonstrated  or  explained  in  ever/  iciez.- 

dfic  treatise  on  mechanics)  as  are  more  peciilhrlj 

applicable  to  the  object  of  our  present  enquiry. 

S63.  Thus,  we  admit  the  Ioum  of  motion,  and  ±c 
doctrine  of  the  compoxition  and  n^olution  cf  ::r:ti, 
as  now  taught :  we  call  that  a  uniform  r^pth.n  ^ilc-i 
a  body  receives  by  an  instantaneous  action  of  ar-j 
power  ;  or  rather  that  by  which  a  body  Jeicrrrci 
equal  spaces  in  equal  times  :  and  that,  a  tnot  -n  «  '* 
formly  accelerated^  which  is  produced  in  a  bvi .  bv 
a  continual  repetition  of  equal  actions,  unint^rup:- 
edly  and  equally  augmenting  its  velocity  21  each  In- 
stant. 

264.  We  take  it  as  proved,  that  in  a  mc::.n 
uniformly  accelerated^  the  velfjcities  are  a^  the  ti'ui:. 
Also, 

^65.  That,  the  space  *,  run  through  in  a  certi-'n 
finite  time  /,  by  a  motion  uniformly  accelerated,  is 
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equal  to  half  the  space  run  through  in  the  same  time 
by  a  uniform  motion  with  a  velocity  u^  equal  to  that 
acquired  by  the  acceleration  at  the  end  of  the  time  /; 

that  is,  in  a  motion  uniformly  accelerated,  ^=fe— > 

whereas  in  a  uniform  motion  s  ^=i  tu. 

^b6.  That,  the  spaces  described  by  a  motion  oai- 
formly  accelerated,  are  as  the  squares  of  the  timOf 
reckoned  from  the  beginning,  or  as  the  squares  of 
the  velocities  acquired  at  the  end  of  the  times. 

267*  That,  a  body  urged  by  two  forces  at  OQoe, 
continues  in  the  plane  of  the  directions  oj  those  form^ 

1268.  That,  a  body  urged  at  the  same  time  by  two 
powers  inclined  to  one  another,  describes  a  right  But 
if  the  powers  are  of  the  same  nature  ;  that  is,  bodi 
uniform,  or  both  variable,  according  to  one  and  dM 
same  law.  But  if  these  powers  are  of  a  diffhrat^ 
nature^  they  cause  the  body  to  describe  a  curoe^  iT 
trajectory^  whose  species  depends  upon  the  rehdoo 
the  two  powers  have  to  each  other  at  each  instant 

269.  That,  when  a  body  is  urged  by  two  forces^ 
one  uniform^  and  consequently  tending  to  make  it 
move  uniformly  in  the  direction  it  has  at  the  end  of 
each  instant^  and  the  other  either  constant  or  varit^ 
hlcy  but  altvays  directed  to  one  and  the  samefxtS 
pointy  towards  which  the  body  is  continually  drnca^ 
this  body  describes  a  cui-vc  always  concave  iowarif 
thejixed  point. 

270.  That,  a  trajectory  described  by  virtue  of 
two  forces^  one  umjorw,  the  other  central^  irifl 
have  no  point  of  contrary  flexure  j  but,  aeteris  p0i^ 
buSy  its  curvature  is  greater  in  proportion  as  tht 
central  force  euxeeds  the  uniform;  and  redprc*' 
cally. 

27  !•  That,  if  two  right  lines  are  drawn  to  tb« 
extremities  of  any  arc  of  a  trajectory,  from  a  cential 
point,  the  area  of  the  included  sec/ or  is  always  pr^' 
portional  to  the  time  of  running  through  the  tfTft 
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Tbis  it  analogous  to  Kepler's  law  (Art.  209.)>  that  a 
line  draum  Jrofh  the  centre  of  a  planet  to  the  sun, 
mmU^  tcha$  carried  alofig  by  the  periodical  motion  of 
the  planet  J  describe  equal  areas  in  equal  times. 

379.  That,  the  velocity  of  a  body  m  any  pomt  of 
its  trajectory  is  reciprocally  ai  a  line  dnmnjrom  the 
caitral  point ,  perpefidicular  to  a  tangait  to  the  tra- 
jectory at  the  point  where  the  body  is. 

S7§«  That,  the  true  angular  velocity  of  a  body, 
describing  in  a  very  small  time  any  small  arc  of  its 
trajectory,  is  always  reciprocally  as  the  square  of  the 
distmice  from  the  poifit  in  which  the  central  J  orct 
resideSj  to  the  point  where  the  body  is  found  at  the 
fniddle  of  the  time. 

574.  These  premises  being  considered  as  proved, 
we  proceed  to  the  motions  of  the  planets,  which,  as 
they  are  not  uniform,  must  be  affected  by  a  variable 
ceatral  force  :  the  nature  of  the  law  causing  this 
variation  we  shall  now  attempt  to  determine. 

575.  Theorem  I.  yltiy  variable  central force^  is 
a  constant  accclerative  force  during  a  veiy  short 
tme.  This  will  be  demonstrated  by  shewing  that 
any  variable  central  force  causes  the  body  it  acts  upon 
to  describe  spaces  towards  the  centre,  which  are  to 
(me  anothrer  as  the  squares  of  the  number  of  instants 
contained  in  a  very  short  space  of  time  (Art,  266. ). 
Let  P,  (^  p  (fig.  9,  PL  III.),  be  three  points  of  an  in- 
definitely small  arc  of  any  trajectory,  A  P  D,  1  liis 
arc  may  be  considered  as  uniformly  described  in  the 
exceedingly  small  time  tj  and  therefore  the  spaces 
P(^Pj&,  arc  to  each  other  as  the  parts  of  that  time 
^  estimated  from  the  instant  the  body  was  in  P.  Let 
PK  be  a  tangent  to  that  arc,  and  consequently  the 
path  that  body  would  describe,  if,  when  it  was  in  P, 
the  central  force  should  cease  to  act,  and  the  uniform 
force  only  remain.  From  the  centre  of  force  S, 
draw  through  the  three  points  P,  Q,  />,  the  rays  S  P, 
*BR,  SF,  prolonged  till  they  meet  the  tangent. 
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Tlien  it  is  manifest,  i st,  that  the  small  excesses  QR| 
p  F,  represent  Ahe  effects  of  the  central  force  at  the 
points  Q^/^   oecause  they  are  the  spaces  through 
which  the  central  force  has  drawn  the  body  from  its 
rectilinear  path  P  K,  towards  the   centre  S.     2dly. 
The  rays  S  P,  S  R,  S  F,  being  infinitely  near,  and 
the  point  S  at  an  immense  distance,  they  may  be 
taken  as  right  lines  parallel  to  each  other  ;  the  same 
may  be  said  of  the  excesses  C^R,  j)  F«     Through  the 
points  P,  Q^/>,  describe  the  circumference  of  a  circle 
P  B  N,  with  which  the  arc  P  Q^/>  of  the  trajectory 
A  P  I)  will  coincide:  the  diameter  P  N,  drawn  frcHO 
the  point  P,  will  be  perpendicular  to  P  K,  a  tangent 
common  to  both  the  ciftle  and  the  tra]ector)\    Ihen 
through  the  points  Q^/>,  draw  Q^E,/)  H,  perpendicu- 
lar to  the  diameter  P N ;  and  join  ON,  p N.     Now 
the  triangles  P  QJN,  P/>  N,  P  QJ£,  P  /)  H,  are  both 
rectilinear    and   right-angled,  since   P  Q,    P  /),  may 
safely  be  taken  as  right  lines.     Therefore,  E  P,  P 
P  N,  are  continually  proportional,  as  are  also  P 
P/;,  PN;  consequently   P(V  =  EP  X    PN,  and 
P/)   =PH    X   PN.     Hence  P(V:P/?'::EP  X 
PN  :PH   X  PN::EPor(^I  :  P H  or  p i.     But 
because  of  the  parallels  QJ,  /)/,  and  QJ^,  F/>,  the 
triangles  QR  I,  />F  /,  are  similar  ;  therefore  QJ  \pi 
:  :  QjR  :  /TF  :  :  PQ^  :  P/>\    If  then  a  body  describe 
any  trajectory  A  P  I),  with  a  uniform  force,  and  a 
central  force  combined,  the  effects  of  that  central 
force  iirc  in  any  very  small  arcs,  as  the  squares  of 
the  times  required  to  run  over  those  arcs. 

i!7K  CoKOL.  I.  We  may  therefore  apply  the  fiw- 
muliK  commonly  applied  to  uniformly  accelerated 
forces,  to  central  forces  :  thus,  let  /'be  the  central 
force,  s  the  space  run  through  in  a  very  short  time  /| 

then  /'=rr=  -1  ^  ,v  :r^  /*/  /  f  ==  ^    i  ;  ami     from    a 

comparison  of  these  formuLx,  others  might  be  de- 
duced.    Hut  in  the  picscnt  case,  p  F  expresses  thf 
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SfSace  whereby  the  ceninl  force  has  dravn  the  bccV 
towards  the  centre  S,  whfle  the  bodv  is  <kscrfr:zT 
the  arc  r p ;  therefore  the  first  tormula  may  bt  iLu» 

ckpressed,y'=  -7.* 

277.  CoROL,  II.  If  the  dnies  /  arc  equz!,  f  = 
pF,  that  is,  in  indefinittly  ^nudl  equal  tlmts  int  c.*.^ 
tral  forct^  are  to  each  other  as  the  right  I.ji'cj^  p  F, 
draicnjrom  one  of  the  extremities  p  of  tack  crc  r.*fi 
iTcerj  parallel  to  the  ray  SP,  passing  iLrouzh  tl-j 
other  evtremiti)  P,  and  Urmtnated  by  the  tangint 
to  the  trajectory  in  the  same  point  P. 

278.  CoROL.  III.  Then,  since  the  areas  compre- 
hended between  the  rays  (Art.  271.)  represent  thcs^ 
times,  the  indefinitely  small  time  /,  wherein  the  boiy 
runs  through  the  arc  PQ/?,  may  be  expressed  by  the 
area  of  the  triangle  S  P/? ;  hence  /  =  |  S  P  X  /'  M, 

Md  /*  =  ^  SP*  X  pM*.     The  formula^  =  ^^f^ 

therefofe,  becomes  y=  -  ^p,  ^ — ^^ ;  or,  since  the 
constant  coefficient  ^  may  be  neglected  ^ithjut 
changing  the  proportion^  /  =  sP-  x  pM-* 

279.  Lemma  I.  If  from  the  extremity  P  'fi^. 
12,  PI.  III.)  of  an  ellipsis,  P  D  be  drawn  perpendiculir 
to  the  conjugate  diameter  N  //,  then  P  D  :  C  H  :  : 
C  B  :  C  N.  Or,  the  lectangle  B  C  H  L,  under  the 
two  semi-axes  C  B,  C  H,  is  equal  to  the  parallelogram 
C  N  R  P,  formed  by  any  two  conjugate  semidiame- 
tcrs,  CN,  CP;  for  then  CH  X  CB  =  CN  X 
PD,  and  consequently  PD  :  CH  :  :  C  B  :  C  N. 
It  is  shewn  by  the  writers  on  conies  <  See //i7/////2.>^ 
Conies,  p.  35;  linre's  Conic^j  p.  25  ;  llainUti;/t's 
Conicsj  &;c.),  that  all  the  parallelograms  circumscribed 

♦  In  this  and  some  of  the  follov-nng  articl;:s  the  sign  r=  i' -'? 
Hot  always  denote  eqva/Uj/,  but  often  ptoporCioualUy,  for  which  ih': 
sign  a  is  sometimes  used. 
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about  an  ellipsis  are  equal  to  one  another,  and  each 
equal  to  the  rectangle  of  the  two  axes.  But,  if  the 
parallelograms  of  which  P  C  R  N,  B  C  H  L,  are  the 
fourth  parts^  are  equal,  those  fourth  parts  are  e<|ual 
also  ;  whence  the  truth  of  the  lemma  isr  maniteat. 
Or  the  equality  of  the  parallelograms  B  C  H  L,  P  C 
N  R9  is  directly  proved,  both  with  respect  to  the 
ellipsis  and  hyperbola,  at  p.  74,  Newton  s  Conies^ 
and  the  same  analogy  deduced  as  given  in  the  enuni* 
ciation  of  the  lemma. 

S80.  Lemma  II.  In  zn  ellipsis  where  AH  is  the 
greater  axis,  and  B  L  the  less  (fig.  10,  PI.  IILX  if  from 
the  extremity,  P,  of  any  diameter,  P  K,  be  drawn  z 
right  line  P  S  to  either  focus,  as  to  S,  that  line  will 
be  intersected  in  £,  by  the  diameter  N  n  conjugate  to 
PK,  so  that  PE  =  C  A  or  C  H.  From  the  othcf 
focus  Q2  draw  QJP,  and  QjG  parallel  to  N  w,  6r  tt> 
the  tangent  T  V ;  then  the  triangle  P  QjS  is  isos* 
celes  ;  for  the  angles  P  QjS,  P  G  Q^  are  equal  to 
the  angles  V  P  Q^  T  P  G,  by  reason  of  the  paralkb 
T  V,  G  Qj  and  the  latter  two  angles  are  equal  by 
conies  :  (see  Hutton^  p.  25 ;  R.  Simmnj  p.  91) : 
hence  P  Q^=  P  G.  Also,  smce  the  triangles  QjB  S, 
C  E  S,  are  similar,  and  C  S  =  C  Qj  S  and  QJbeing 
the  foci,  therefore  E  S  =  G  E.  Hence  P  G  +  G  £ 
=rP(^+  ES=PEj  andPE  +  ES  +PQ^ 
being  equal  to  A  H  ( Hut  ton  j  p.  18),  also  equal  ta 
a  PE  ;  consequently  PE,  or  PO,  =  |  AH  =  ACV 
This  also  is  deduced  generally,  both  as  it  tegards  the 
ellipsis  and  the  hyperbola,  in  a  CoroL  to  Prop.  47* 
N acton's  Conks. 

281.  Theorem  II.  The  central  force  urging  M 
planet  J  P,  a?id  causing  it  to  describe  an  ettipsisj  in 
ichosejhcusj  S,  that  central  force  is  placed^  varies  in 
a  reciprocal  ratio  of  the  square  of  the  ray  S  P ;  that 
isy  inversely  as  the  square  of  the  planet's  distance 
from  that  focus. 

;oy.  Through  P,  the  planet's  place,  draw  the 
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tai^t  PT  (fig.  io,PI.IIL\  Sopprae  P/  tz.  si» 
fiiiitel J  small  arc  describod  br  tbc  pii.T^ ;  <djr«-  ±:s 
lines  PS,  ^  S^  and p F,  whicfa,  fcr  a  rcaum  i^slz^ 
cd  before  (Art.^75.\  we  imagnir  p&rzSd  ic  SP 
meeting  the  tangent ;  then  the  lisc  /F  expresses  ^jt 
planet's  central  force  (Art;   377.)  v2£k   r liT.t*-"  ■  g 

through  the  arc ^  P,  and^  F  =  -4::.    Pini  R  to  '^' 


note  the  Iatas>rectam  or  parameter  of  die 

axis  AH;   then,  by  conies,  R  =  ^     -  =  "TU"  * 

Therefore  R  X  AC  =  2  CB\  From  p  draw;.!^ 
an  ordmate  to  the  diamerer  P  K  {or  paralld  to  the 
tangent  T  V),  meeting  S  P  in  /•  The  tnai^les  P I  , 
P  C  £,  being  similar,  and  P/  equal  and  parallel  o 
F/>,  we  have  F  i  orVpilF  z  zFE  or  AC  -An. 
280.)  :  P  C.     Consequently 

{ajVpX  R:1PX  R::  AC:PC;  ani,  ist 
the  same  reason, 

(A)  IP  X  R:IP  X  KI::R:KI;  also,  by 
the  property  of  the  ellipss, 

(c)  IP  X  K  I  :  I;>* :  :  PC  :  CN*.  Free  the 
point  p  draw  p  M  perpendicular  to  S  P ;  ittn  tit 
right-angled  triangles  pi^^  P  £  D,  are  sicnlar,  b  e« 
cause  the  parallels  p  /,  E  D,  make  the  andes  /- 1  M, 
PED,  equal  ;  therefore  ip  (or  because  of  the  prox- 
imity of  the  points  I,  /),  I/>  :  />  M  :  :  P  E  :  P  D. 
But  (Art.  279.)  C  A  or  PE  :  PD  :  :  CN  :  C  B  ; 
consequently  I/^:/>M::CN:CBj  and  therefore, 

(d)lp*:pM^:  :CN*:  CB*. 

Multiply  together  the  corre^xmding  terms  of  the 
four  proportions,  marked  a,  b^  fj  dj  the  products 
giveFji  X  R^X  IP  X  IP  X  KI  X  Ir  •  'P  X 
RXIP  XKI  X  I/^*X//M*::CA  X  RXPC- 
X  CN*  :  P  C  X  KI  X  CN*  X  C  B\  Now  the 
first  ratio  divided  bylPxRXlPXKIX  I//S 
and  the  second  by  PC  X  CN%  gives  F/?  X  R  : 
|>  M* : :  C  A  X  R  X  P C  :  KI  X  CBs  Or,  siac^ 
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AC  X  R  «=»  2C  B%  F/;  X  R  :/>M»:  :  2CB-  X 
PC  :  KI  X  CB=:  and,  dividing  the  second  ratib 
by  CBS  we  git  F/>  X  R  :  /jM":  :  2PC  :  KI. 
•The  distance  P I  being  indefinitely  Mnall,  K  I  =  K  P 
=  a  P  C  ;  therefore  FP  X  R  =  /»  M* ;  for  if  the 
second  ratio  in  the  proporti(  n  be  a  ratio  of  equality, 
the  first  will  be  so  too.  This  last  equation  multiplied 

^'y  sVxVm'*  g»^es  sV'xpM-^  sF5°^'  ^^^'^'"'^ 
of  the  constant  quantity  R,  ^-pr~-]fj:  =  gT*      ®°* 

F  n 

(Art.  278.)  ^^,  xpM*  ^^  ^  general  expression  of  the 
central  force  in  any  trajectory,  therefore  in  the  ellip- 
sis the  central  force  is  always  as  — -.. 

28i\  CoROL.  The  force  which  retains  the  planets 
in  elliptical  orbits,  produces  similar  eSects  with  the 
power  of  gravity  near  the  earth's  surface,  and  there- 
fore (Art.  216.)  is  of  the  same  nature. 

283.  Theorem  III.  I f\scvcral planets  m&vc  each 
in  a  sej)aratc  cUipsinj  by  virtue  of  a  central  force 
that  i.s  akcays  rrciprocallii  as  the  s^/aare  oj  each  pla- 
fiei\s  distance  from  a  J  ocas  comvion  to  all  those  eU 
tipses^  andzchcrein  that  central  J  orce  is  placed  ;  ihen^ 

L  'I  he  areas  of  the  sectors  described  in  the  same 
iiw€j  are  to  one  another  as  the  stjaare  roots  of  the 
parajncters  of  the  greater  axes  oj  the  ellipses. 

II.  7 he  velocity  of  each  body  in  its  ellipsis  is  as 
the  square  root  of  the  parameter  of  the  greater 
ad'iy,  diviaed  by  a  line  drazcnjroni  the  focus  per  pen* 
ilicular  to  a  tangent  passing  through  the  place  of 
the  Iwdij. 

III.  1  he  area  of  each  ellipsis  is  in  a  ratio  com- 
pounded of  the  square-root  of  the  parameter  of  the 
greater  axis,  and  of  the  time  of  the  planet's  rcvolu* 
tiof}. 

Demon.  I.     In  every  ellipsis  7p  X  R=/>M* 

(Aru  281.):   but  by  the  hypothesis  Vp  =  j^,  ; 
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tkerefore,  R  =  pM^  x  SPs  and  \/R  =  pM  X 
S  P.  But  /)  M  X  S  P  is  as  the  area  of  the  triangle 
or  sector  S  Fp  ;  consequently  the  area  of  any  sector 
is  as  \/  R. 

IL  The  velocity  in  an  indefinitely  small  rime  is  as 
the  arc  described,  p  P  :  now  the  similar  right-angled 
triangles  S  P  T,  />  M  P,  give  S  T  :  S  P  :  :  /» M :  p  P; 

therefore  Pp  ^  t^^^^rf^.    But  (pr.  Dcm.  1.)  v^  R 

'=  />  M  X  S  P  ;  consequently  /;  P,  or  the  velocity,  is 

\/  R 

HI.  The  greater  the  area  of  the  ellipsis,  and  the 
-less  the  portion  of  it  described  by  the  planet  in  a 
given  time,  the  longer  also  is  the  time  /  of  the  pe- 
riodic revolution.  Therefore  the  time  of  the  revo- 
lution is  as  the  area  (tf)  of  the  ellipsis,  divided  by 
the  area  (.v)  of  a  sector  d^cribed  in  a  given  time,  or 

f  ==  -.    But  ^  ==  v/  R,  as  just  shewn  j  therefore  t 

=  — g,  and  tf  =  ^  v^  R. 

284.  From  the  preceding  theorems  we  readily  da- 
dnce  the  second  of  Kepler's  famous  analogies  (Art. 
1209.),  t/icit  the  square  of  the  time  of  each  planet's 
revolution  is  proportional  to  the  cube  of  the  principal 
axis  (jl)  of  its  ellipsis.  For  if  c  be  the  less  axis,  and 
R  the  parameter  of  the  greater  axis,  then  ^by  conies) 
J  R  =  c%  and  rfi  R  =  c^  t/^,  by  multiplying  each 
side  of  the  equation  into  d'^.  But  the  whole  area 
(a)  of  the  ellipsis  is  as  the  product  of  the  axes,  or  a 
s=sscd  =^t\/R  (Art.  283.  HI.);  consequently  <'^  tA 
=  /*  R :  and  as  c*  d^  =  d'  R,  therefore  ^/  R  == 
/*  R,  and  d'  is  proportional  to  /*. 

285.  CoROL.  L  If  the  ellipsis  change  into  a  circle^ 
jlie  time  of  a  rtxolution  xcill  be  as  the  stjuare  root  of 
the  cube  of  the  diameterj  or  of  the  radius, 

286\  CoRoL.  II.  Hence  it  follows,  that,  the  time^i 
of  the  revolutions  of  the  planets  being  knoicn,  th^ 
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yekulom  oj  the  principal  axes  of  the  ellipses  they  de^ 
scribe  may  be  founds  Consequently,  if  the  rdbitivi: 
dimensions  of  each  planetary  orbit  be  determined  by 
observation,  and  the  chief  asfis  of  any  one  of  them 
be  ascertained,  the  respective  major  axes  of  the  others 
may  be  found  by  the  above  analogy  :  and  indeed 
they  are  generally  determined  in  this  manner ;  though 
€lher  methods  are  in  some  cases  had  recourse  to,  by 
which  the  accuracy  of  this  simple  method  is  clearly 
proved. 

287*  When  the  mutual  actions  of  the  sun  and 
primary  planets  upon  each  other  are  taken  into  con« 
5ideration,  the  process  is  thereby  rendered  more  te- 
dious ;  but  it  would  then  appear  that  the  orbit  of 
each  planet  is  nearly  an  ellipsis^  whose  focus  is  in  the 
con^mon  centre  of  gravity  of  the  sun  and  all  the 
planets  inferiour  to  it ;  and  this  centre  of  gravity 
(Art.  219  )  is  always  either  in  the  body  of  the  suq^ 
or  veiy  near  it. 

28  b.  The  celebrated  M.  John  Dominic  Cassini^  vol 
a  Ireati.se  on  (he  Origin  and  Progress  of  Astrono' 
wy,  proposed  a  curve  for  the  orbit  of  a  planet,, 
somewhat  different  from  the  common  ellipsis :  in  the 
common  ellipsis,  the  sum  of  two  lines  drawn  from  the 
foci  to  any  point  of  the  curve  is  equal  to  the  trans* 
verse  diameter;  but  in  the  Cassinean  ellipsis,  the 
prodi/c  t  of  two  lines  from  the  foci  to  the  curve  b 
equal  to  a  constant  or  given  number.  In  this  figurei 
if  the  less  axis  exceeds  the  distance  of  the  foci,  the 
curve  is  ever)'-where  concave  towards  the  centre  :  if, 
while  the  principal  axis  remains  the  same,  the  distance 
of  the  foci  is  lessened,  the  minor  axis  will  be  in« 
creased  ;  and  when  the  foci  meet  in  the  centre,  the 
ellipsis  will  become  a  circle  :  but  if,  on  the  can* 
trary,  the  distance  of  the  foci  be  increased,  the  lest 
axis  will  be  lessened,  and  the  curve  will  at  length 
have  a  point  of  contrary  flexure,  and  will,  at  the 
ends  of  the  minor  axis,   be  convex  towards  the 
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centre ;  and  when  the  distance  of  the  foci  is  so  far 
increased,  as  to  be  in  the  same  proportion  to  the 
major  axis  as  the  side  of  a  square  to  the  diagonal, 
that  is,  as  I  to  \/2,  the  less  axis  will  become  nothing, 
and  the  curve  extend  to  the  centre  on  each  side :  if 
the  distance  of  the  foci  be  greater  in  proportion  to 
the  major  axis,  than  in  the  above  ratio,  the  figure 
turns  into  two  conjugate  ones  at  a  dista?fce  from  each 
other ;  and  as  the  distance  of  the  foci  is  farther  in . 
d'eased,  the  two  conjugate  figures  will  at  last  become 
merely  points.  It  must  be  evident,  after  thus  tracing 
a  few  of  the  properties  of  this  curve,  that  it  cannot 
possibly  be  the  orbit  of  a  planet :  for  it  is  certain, 
that  in  aU  those  cases  where  it  passes  into  two  conju- 
giate  figures,  it  deviates  from  what  is  essential  to  the 
liature  of  an  orbit,  namely,  continuity ;  and  in  all 
those  cases  where  it  is,  at  the  end  of  the  minor  axis, 
convex  towards  the  centre,  the  planet  would  need  a 
centrifugal  force  to  describe  such  parts  of  its  orbit  ; 
diat  is.  It  would  require  at  equal  distances  from  the 
tun  sometimes  a  centrifugal^  and  sometimes  a  cen^ 
tripetal  force  to  retain  it  in  its  orbit,  which  is  totally 
incompatible  with  all  the  laws  of  nature.  It  may 
fiurly  be  concluded,  that  when  all  the  species  of  a 
figure  beyond  a  certain  limit  are  unfit  for  discharging 
any  ofEce  of  nature,  the  remaining  species  on  the 
other  side  of  the  limit  should  be  rejected  also  :  and 
when,  in  addition  to  this,  it  is  considered  that  the  ce« 
lestial  observ^tipns  are  not  consistent  with  this  curve^ 
it  can  by  no  means  bd  admitted  into  astronomy*. 

*  k  Yery  beautiful  elementaiy  treatise  of  Ph3r8ical  Astronomy  may 
be  seen  in  the  learned  Dr.  Staoarft  Tractt,  Fhytical  and  Mathenu:^ 
tkaL  The  doctppe  0f  centripetal  forces  is  there  laid  down  in  a  series 
of  twenty-eight  propositipnst  demonstrated  (if  the  quadrature  of 
fiirves  be  admitted)  with  the  utmost  rigour,  and  requiring  no  pre- 
"^ous  knowledge  of  any  part  of  the  mathematics,  besides  the  ele« 
ments  of  plane  geometry,  and  of  conic  sections.  But  the  most 
comprehensive,  elaborate,  and  profound  work,  on  Physical  Astro- 
pomy,  in  alliii  brancheM,  is  that  published  by  14«  ^  l^UxSt  und^x 
f^ix\X^QiTrdUd9Mcani^tC{l€ite. 
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CHAPTER   XL 


On  the  Magnitude  and  Situation  <^  the  Earth*t 

Orbit. 


Art.  Z^9.  TT  is  related  of  the  ancient  philoso* 
pher  Archimedes  J  that  when  Hieru  was  admiring  the 
skill  and  judgment  displayed  in  his  machines,  he  rc^ 
plied  to  the  monarch,  **  Tfitse  art  nothing ;  but 
grce  me  another  place  to  stand  npony  and  I  ttlU 
mace  the  earth  .**  with  much  more  truth  it  may  Ijc 
$aid  by  a  modern  astronomer,  *  Give  me  a  proper 

*  basis  Jor  my  geometrical  operations^  and  J  u^iil 

*  scale  the  heavens.*  This  basis  Nature  has  fur- 
nished us  with,  in  the  eUiptical  orbit  of  the  earth ; 
the  dimensions  of  which  we,  therefore,  now  proceed 
to  determine,  as  a  necessary  preliminary  in  ascef- 
taining  the  magnitudes  and  distances  of  the  planets, 
and  the  dimensions  of  their  orbits.  But  we  mu$t 
first  premise  a  few  definitions  of  terms  used  in  this 
part  of  astronomy. 

£90.  ITie  path  in  which  the  sun  appears  to  move, 
is  in  the  same  plane  as  that  in  which  the  earth  really 
moves;  therefore  (Art.  40.)  the  earth's  orbit  is  intte 
plane  of  the  ecliptic :  the  points  in  which  the  orbits  €i 
the  planets  cut  the  orbit  of  the  earth,  or  the  ecliptic, 
are  called  the  nodes ;  as  are  also  the  points  where  tbc 
orbits  of  the  secondary  planets,  or  sattllites,  int«r- 
l»ecl  their  respective  primaries.  That  node  is  called 
fiscemling  where  the  planet  passes  from  the  south  t/t 
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the  north  side  of  the  ecliptic,  and  is  marked  thus  Q : 
the  other  node  is  called  ditscendhig^  and  is  denoted 
by  this  mark  e.  An  imaginary  line  drawn  from 
one  node  to  the  other  is  called  tne  line  ^J  the  /thdex. 
^91.  That  angle  which  the  plane  of  a  planet*i 
orbit  makes  with  the  plane  of  the  earth's  orbit,  is 
called  the  indmutioft  of  that  planet's  orbit. 

^[i^.  If  a  perpendicular  be  let  fall  from  a  planet 
to  the  ecliptic,  the  angle  at  the  sun  between  two  lines, 
one  drawn  from  it  to  that  point  where  the  perpcn- 
•dicular  falls,  and  another  to  the  earth,  is  called  the 
angle  of  commutation. 

*i93.  iTie  curtate  distance  of  a  planet  from  the 
sun  or  the  earth,  is  the  distance  from  the  sun  or  the 
^artb  to  the  planet,  reduced  to  the  ecliptic ;  or  the 
line  between  the  sun  or  the  eanh,  and  that  point 
Inhere  the  perpendicular  let  £dl  from  the  planet 
meets  the  ecliptic. 

29+.  The  mean  dhtance  of  a  planet  is  the  L'nc 
drawn  from  that  focus  of  its  elliptical  orbit  in  which 
the  sun  is  placed,  to  either  end  of  the  conjugate  axis 
of  its  orbit :  it  is  manifest  from  the  nat*  re  ct  the 
ellipsis  that  this  line  is  equal  to  half  the  tran.sverse 
axis.  Some  authors  call  a  mean  proportional  be- 
tween the  two  axes,  the  mean  distuhce. 

SliJo.  The  distance  from  the  centre  of  the  orbit 
to  either  focus  is  called  its  excentr*cit\;. 

SL\)<^.  The  apsides^  or  ap^es,  are  the  two  pcirri  :r.  :h»5 
orbit  of  a  planet,  where  it  is  at  its  greatest  ir.i  lea^t 
distances  from  the  sun.  The  point  ar  the  ^reareir 
distance  is  called  the  higher  apji,"^  that  a:  ?:.e  >sic 
distance,  the  tmer  apsh.  The  higher  ap iu  ij  a!  /) 
called  the  aphelion  ;  the  lower,  the  per.r-r,  r,,^  7;-^ 
diameter  which  joins  these  two  pcinrs  U  c^'t^^d  -  -,^ 
iifki  0/  the  apJiuu-y,  and  is  s«ppc»ed  ro  p:jrv;  \\  v.  -  - 
the  centre  of  the  sun.  But  it  is  nr-c  rr^  -.-.r^r  ^ 
apsides  are  always  in  the  same  ^r^irr^z  i.zjt  '^^^r^ 
{brough  the  sun  i  i<x  they  arc  locierl^siei  ok  i 
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right  linCj  making  an  angle  greater  or  less  thaa 
1^0^;  and  the  difference  from  i8o^  is  called  the 
-motion  of  the  line  of  the  apsides^  When  the  angle 
•is  less  than  1 8o^^  the  n^otion  is  said  to  be  in  antece^ 
dentiaj  or  contrary  to  the  order  of  the  signs ;  when 
it  is  greater  than  i8o^,  the  motion  is  in  consequential 
or  according  to  the  order  of  the  signs. 

297  •  The  sun  and  moon  are  in  perigee^  when  at 
their  nearest  distance  from  the  earth ;  and  m  apogee^ 
when  their  distance  from  the  earth  is  greatest. 

298*  The  argument  of  latitude  is  the  angle  at  the 
sun  between  the  planet  and  its  ascending  node,  esti* 
mated  in  the  planet's  orbit* 

S99»  The  t7me  anomaly^  or  equated  anomaly^  at 
it  is  sometimes  called^  is  the  angle  at  the  sun  which 
is  formed  by  the  radius  vector^  or  line  drawn  from 
the  sun  to  the  planet,  and  the  line  drawn  from  the 
sun  to  the  aphelion  of  the  planet :  the  mean  anomety 
is  the  angular  distance  of  a  planet  from  its  aphelion 
(taken  at  the  same  time  with  the  true  anomaly),  sup- 
posing it  to  move  uniformly  with  its  mean  angular 
velocity.  The  difference  between  the  true  and  mean 
anomaly  is  called  the  equation  of  the  centre^  or  the 
prosthapheresis. 

300.  If  a  circle  be  supposed  drawn  on  the  fine  of 
the  apsides  as  a  diameter,  and  through  the  place  of 
the  planet  a  perpendicular  to  the  line  of  the  apsidei 
be  drawn  till  it  meet  the  circumference  of  the  circle  • 
then  the  angle  formed  by  two  lines,  one  drawn  from 
the  centre  of  the  planet's  orbit  to  the  aphelion,  and 
the  other  to  the  point  where  the  perpendicuhr 
through  the  planet's  place  intersects  the  circumfe^ 
rcnce  of  the  circle,  is  called  the  exccntvic  anomaly^ 
pr  the  anomaly  of  the  centre^ 

30  K  Prob.  I.  To  find  the  time  in  which  the  earth 
performs  a  rawlution  about  the  sun. 

A  solution  to  this  problem  may  be  found  in  Chap. 
•  in.  where  we  detcrjiined  the  length  of  the  sidereal 
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year  to  be  365^  6^  9"  12'  (Art.  s^.).  For  the  sun 
-piliset  through  the  twelve  signs  of  the  ecliptic  ia 
the  space  of  a  solar  or  tropical  year  (Art.  SS- )  -  ^^^ 
the  equinox  or  point  of  the  ecliptic  from  which  the 
«uii  a{^>eared  to  depart,  advances  as  it  were  to  meet 
(he  sun,  over  an  arc  equal  to  the  annual  precession 
of  the  equinoxes ;  therefore  the  time  required  for  the 
<artb  (or  sun,  apparently)  to  pass  over  this  arc, 
jnust  be  added  to  the  solar  year  to  give  the  earth's 
complete  periodic  time^  which  is  consequently  equal 
to  the  sidereal  year. 

302.  Pros.  IL  To  determine  the  time  of  either 
solstice. 

In  fig.  II,  PL  UL  imagine  TR  to  represent  the 
tropic,  £  C  the  ecliptic,  touching  it  in  the  solstitial 
point  S;  then  the  lines  d/y  dl^  S^c.  perpendicular 
to  TR,  will  represent  the  changes  of  declinations 
vhen  the  sun  appears  in  the  points  /,  /.  And  since 
the  part  of  the  curve  £  S  C  is  very  small,  the  right 
lines  dl,  dl^  are  as  the  squares  of  the  arcs  S  /,  S  /; 
or,  since  S  /,  S  /,  are  exceedingly  nearly  equal  to 
S  df,  &dy  dly  dlj  will  be  as  the  squares  of  S  ^,  S  rL 
But  this  is  the  property  of  the  parabola ;  therefore  a 
small  portion  of  the  ecliptic  near  the  solstice,  when 
considered  relatively  to  the  tropic,  may  be  looked 
upon  as  part  of  a  paraboUu  We  may  sdely  suppose 
this  to  be  the  case  for  four  or  five  days  bdfore,  and 
as  many  after,  the  solstice :  then  the  abscissae  S  P« 
8  P,  are  what  the  declination  of  the  sun  is  less  than 
the  greatest  declination ;  and  consequently  the  differ. 
^nces  P  P  are  as  the  differences  of  the  declinatirms  ; 
that  is,  as  the  intervals  of  the  altitudes  of  the  Pxn 
above  the  horizon  (or  of  their  zenith  distazices;^  in 
the  meridian  or  any  other  vertical  circle :  and  th^t 
cn-dinates  P/,  P/,  are  respectively  as  the  timo  '»P*<r>^ 
in  the  sun  acquires  those  decliaatioRs  ;  aad  ^iut  i\r^ 
'ferences  of  the  one,  are  as  the  &ife7aice%  -J.  :"./^ 
<)tbe^. 
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Tliese  things  being  admitted,  let  a  gnomon,  AB 
^fig.  13,  PI   III.),  be  erected,  whose  shadow  caused 
by  the  sun,  when  near  either  solstice,  marks  out  thf 
point  H  on  a  plane  CD,  to  which  the  line  BH, 
drawn  from  the  end  of  the  shadow  to  die  vertex  of 
the  gnomon,  is  nearly  perpendicular.     Three  or  four 
days  after  oliserve  the  point  F,  where  the  extremity 
of  the  shadow  of  the  gnomon  falls  when  the  sun  is 
on  the  same  vertical  circle.     Repeat  this  again  after 
two  or  three  days  more,  and  let  the  extremity  of  the 
shadow  mark  out  the  point  G.    The  lines  H  F,  GF, 
are  proportional  to  the  distances  of  the  sun  in  the 
same  vertical  circle  from  the  horizon  (that  is,  by 
vhat  has  been  above  said,  to  the  change  of  declina- 
tion) ;  for,  because  of  the  minuteness  of  the  angles 
FB  G,  H  B  G,  and  the  distance  from  the  top  of  the 
gnomon  to  the  plane,  the  line  F  G  H  will  not  differ 
sensibly  from  the  arc  of  a  circle  described  from  the 
centre  B,  with  either  the  radius  B  G,  B  F,  or  B  H,  as 
these  radii  will  be  very  nearly  equal.    And  if,  instead 
of  the  plane  C  D,  the  shadows  should  be  taken  upon 
the  plane  C  E,  inclined  to  C  D  by  an  angle  D  C  E 
not  very  large,  marking  the  extremities  in  the  points 
/,  «•,  //  ;  then  the  right  lines  /if]  g  /,  will  have  nearly 
the  same  ratio  as  H  F,  G  F ;  for  the  lines  /  F,  ^  G, 
h  H,  meeting  at  the  point  B,  at  a  considerable  diV 
rancc  with  respect  to  Z^^*,  or  «//,  may  be  considered 
as  very  nearly  parallel.     The  problem,  therefore,  for 
finding  the  solstice  from  the  points  F,  G,  H(or  /,  ir>'')f 
given,  together  with  the  moments  of  time  in  which 
the  sun  casts  the  shadow  of  the  point  B  to  them,  is 
now  reduced  to  this :  «7iyv/,  ///  t/ie  parahola  K  VM, 
the  parts  of  the  axis  F  G,  GH  (fig.  14,  PI- 1.),  and 
the  distances  AT,  TE,  of' three  tines  AB,  TY,  ES, 
each  parallel  to  the  asis  C  D;  to  Jiff  d  the  distance  of 
ant/  one  of  thefu^  for  instance  T  Y,  ff^om  thai  axu. 
Here  we  suppose  F  G,  and  G  H,  in  the  paraboh,  fo 
be  respectively  equal  to  F  G  and  G  H,  as  marl^  by 
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the  extremities  of  the  shadow ;  and  A  T  and  T  E  to 
represent  the  respective  fritervais  between  the  obser- 
vations of  the  points  H  and  F,  and  between  those  of 
F  and  G.  Then  K  H,  L  F,  and  G  M  (ordinates  of 
the  parabcda),  will  represent  the  times  between  the 
moments  the  shadow  was  observed  at  the  points 
H,  F,  G,  and  the  exact  instant  when  the  sun  was  in 
the  solstice.  Let  A  T  be  denoted  by  a^  T  E  by  /, 
FH  by  t\  FG  by  d,  TC  or  LF  by  j,  and  the  right 
parameter  of  the  parabola  by  r ;  then  A  C  or  K  H  zr 
#r-4-.r,  and  CE  or  GMzz^ — .v.     From  the  nature 

of  the  parabola  j*z:VFX^'j  consequently  V F n -^ 

In  a  similar  manner  we  get  VG  =:  -^ — ^  and 

if^^''l±lll±£.  whence  c  =  FH  =  VH—VFz: 

r  ' 

0*-^2  O  X  b*  —  2-ftX 

-^^,andJz=FG=VG  — VF=  -;f--.  By 
means  of  these  two  equations,  after  exterminating  r, 

wehave^ : — ^rz  — -^ — ;  and  from  this  we  readily 

find  jr  zz  ^^^    - — 7-,  the  expression  for  the  space  of 

time  between  the  observation  of  the  shadow  at  F,  and 
the  instant  of  the  solstice  sought.  Had  the  point  G 
fallen  above  or  beyond  the  point  F  with  respect  to  II, 
then  the  observations  would  all  have  been  made  on 
the  same  side  of  the  solstice,  G  M  would  have  been 
on  the  same  side  of  the  axis  as  L  F  and  K  H,  and  the 

final  equation  would  have  been  x  zz  ^yj^TTlTc'     ^^ 

the  observations  be  made  at  the  end  of  equal  inter- 
vals, then  A  T  or  tf  =5  T  E  or  Z',  and  the  equations 

will  be  more  simple ;  .r  will  be  found  = 
a  +  X  tats  — :; .  and  b^^^x  =» : — 7. 
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305.  This  method  of  determining  the  sobtiees  vn§ 
first  given,  in  the  Philosophical  Transactions  for 
1695,  by  Dr.  Hal  ley  ^  When  the  gnomon  is  properly 
con&ti  ucted,  and  the  observations  made  carefully,  the 
times  of  the  solstices  may  be  found  thereby,  with 
neai  ly  as  much  accuracy  as  the  times  of  the  equinoxes 
can  by  the  methods  already  given  (Art.  54.)  ;  there* 
fore,  the  length  of  the  solar  year  may  be  ascertained 
nearly  as  well  by  means  of  the  solstices,  as  by  the 
equinoxes  • 

304.  Prob.  III.  To  determine^  by  obscfication^  the 
ratio  oj  the  axes  of  the  ellipsis  in  xvhich  the  earth 
vioresy  ami  the  cxcejitricity  of  the  orbit. 

1st  Method.  It  is  an  established  law  in  optics,  that 
the  tangents  of  the  angles  unda^  which  the  diameter 
of  an  object  appears^  are  reciprocally  as  the  distances 
of  the  object  from  the  eye;  or,  since  in  small  an^es 
the  angles  are  nearly  as  their  tangents,  the  distances 
will  be  nearly  in  the  inverse  ratio  of  the  apparent 
angles.  Therefore,  the  earth  is  in  the  aphelion  when 
the  apparent  dian)eter  or  semidiameter  of  the  sun  if 
the  least,  and  in  the  perihelion,  when  the  apparent 
diameter,  or  semidiameter,  of  that  luminary,  is  the 
greatest.  The  apparent  semidiameters  of  the  sun 
being  accurately  laken,  when  the  earth  is  in  the  aphe- 
lion and  perihelion,  we  have  then  the  ratio  of  the 
perihelion  and  aphelion  distances ;  that  is  (fig.  lo^ 
PL  III.),  we  know  the  ratio  of  SH  to  S  A,  S  being 
the  place  of  the  sun,  H  and  A  the  places  of  the  eardl 
at  the  respective  times.  From  this,  by  composition 
and  division,  we  get  the  ratio  of  S  A  -f  S  H  to  S  Hf 
and  of  S  Q^to  S  H ;  and,  consequently,  that  of  AH 
to  S  C^  Or,  half  the  difference  between  the  ante- 
cedent and  consequent  of  the  ratio  of  S  H  to  S  Af 
will  give  S  C  or  C  Q,  in  terms  bearing  a  relation  to 
either  the  antecedent  or  consequent  of  diat  ratio. 

Ex.  The  greatest  apparent  semidiameter  of  the 
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itm  is  1 6'  ig''"3,  the  least  15'  46^*9;  from  this  the 
proportion  of  the  major  axis,  to  the  ezcentricity  of 
the  earth's  orbit,  is  required. 

The  natural  tangents  of  the  semidiameters  are 
47477  and  45908  respectively:  these  express  the 
ratio  of  S  A  to  S  H.  Half  the  sum  of  these  numbers 
is  46692*5,  and  half  the  difference  is  784*5 ;  these 
express  the  ratio  of  A  C  or  S  B  to  S  C ;  that  is,  A  C  : 
S  C : :  46692*5 :  784*5 : :  looooo :  168 1,  the  ratio  of 
the  mean  cUstance  to  the  excentridty. 

305.  id  Method.  Let  the  apparent  motion  of  the 
fun  be  observed  in  the  ecliptic  when  he  is  swiftest^ 
that  is,  when  in  a  given  space  of  time  he  describes  the 
greatest  arc  towards  the  east,  for  in  that  case  the  earth 
IS  in  the  perihelion  H ;  also  observe  his  apparent 
motion  when  slowest,  at  which  time  the  earth  is  in 
the  aphelion  A.  Then  the  apparent  motion  of  the 
sun,  or  the  real  motion  of  the  earth  in  perihelion^  is 
to  the*  motion  in  aphelion  (Art.  273.)  as  S  A' :  S  H' ; 
whence  S  A  and  S  H  become  known,  and  the  rest  as 
in  the  former  method. 

Ex.  The  sun's  greatest  daily  motion  in  the  ecliptic 
is  1°  1'  11" J  the  least  motion  57'  11^;  what  is  the 
excentricity  of  the  earth's  orbit  to  the  mean  distance 
100000  ? 

The  square  roots  of  the  respective  daily  motions,  in 
seconds,  are  60*597  and  58*5747,  which  are  in  the 
ratio  of  S  A  to  S  H ;  whence,  by  proceeding  as  in 
the  example  to  the  last  article,  we  get  1 69 1  '3  for  the 
excentricity  to  the  mean  distance  1 00000. 

3()6.  yi  Altthod.  The  above  methods  require 
fuch  exceedingly  accurate  observations,  that  they 
cannot  be  relied  upon  in  practice,  although  they  are 
strictly  true  in  theory;  we,  therefore,  add  another 
method,  better  fitted  for  astronomical  purposes. 
Here  we  only  require  three  places  of  the  sun  in 
the  ecliptic,  or  the  opposite  points  to  these,  which 
are  the  places  of  the  sun  at  the  same  times^  and  the 
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intervals  between  the  obsen'ations.    Then  let  ADP^ 
(fig-  ^5>  PI*  m*)  represent  the  earth's  orbit,  S  the 
sun  in  one  of  the  foci,  F  the  other  focus,  AP  fhc 
line  of  the  apsides,    B,  C,  D,  the  three  observed 
places  of  the  earth :   then  we  have  to   solve   thi^* 
problem — to  describe  suck  an  ellipsis j  having  a  given 
Jocus  S,  as  that  its  rchole  area  mat/  he  to  its  parU 
contained  under  the  lines  SB,  S  C,  S  D,  in  given 
ratios.     In  order  to  this,  from  the  centre  F  suppose 
the  circle  MRG.Y  described,  with  a  radius  FM 
equal  to  A  P.    From  F  through  B,  C,  D,  draw  F  B  R, 
F  C  Z,  FD  Y,  and  draw  S  R,  S  Z,  S  Y.    Then  the 
angles  B  S  C  and  C  S  D  are  known,  being  measured 
by  the  arcs  of  the  ecliptic.     But  in  the  present  case^ 
as  the  ellipse  approaches  nearly  to  a  circle,  the  angles 
about  the  focus  F  will  be  nearly  proportional  to  the 
limes   of  describing   the   respective  arcs,    and    the 
periodic    time   of   the   earth   being   nearly  known 
(Art.  301. )» the  angles  B  F  C,  C  F  D,  will  thence  be 
known.      Now  since  FB  +  BR  or  FR=AP=r 
F  B  +  S  B,  therefore  B  R  =  S  B:  hence  the  triangle 
S  B  R  is  isosceles,  the  angle  B  S  R  =  B  R  S,  and 
FBS  =  2BSR.    But  AFB  =  ASB  +  FB5=3 
ASB+2BSR;   whence   2BSR  or   2FRS  = 
A  F  B  —  AS  B.     By  similar  reasoning,   2  F  Z  S  =3 
A  F  C  —  A  S  C.    These  added  together  give  2  F  Z  S 
+  2FRS  =  BFC  — BSC;  consequently,  F R S 
+FZ  S  is  known,  since  B  F  C  and  B  S  C  are  known. 
But  FRS  =  RFA  — RSA,  and  FZS  =  ZFA 
—  Z S  A  ;  whence,  by  addition,  FRS  +  FZS  — 
R  F  Z  —  R  S  Z   a   known   angle  ;    therefore,   since 
R  F  Z  or  B  F  C  is  known,  R  S  Z  becomes  known ; 
and  by  tracing  similar  steps  R  S  Y  becomes  knowny 
and  consequently  Z  S  Y. 

Draw  the  lines  Y  S  G,  OR,  R  Z,  and  Z  G,  and 
assume  SZ  of  any  value  (as  1 00000),  in  order  to 
get  the  value  of  the  other  parts  of  the  figure  in  rela- 
tive terms.    In  the  triangle  Z  S  G  there  are  given  the 
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angles  Z  S  G,  Z  G  S,  and  side  Z  S,  to  find  S  G  ;  for 
ZSG  is  manifestly  equal  to  supp.  of  YSZ,  and 
Z  G  S  =  half  Z  F  Y.  Also,  in  the  triangle  S  G  R 
are  given,  the  angle  R  S  G  =  supp.  R  S  Y,  S  G  R 
=  half  Y  F  R,  and  S  G,  to  determine  S  R.  Again, 
in  the  triangle  S  Z  R,  are  known  S  Z,  S  R,  and  the 
angle  ZSR,  to  find  Z  R,  and  the  angle  S  Z  R. 
Then,  in  the  triangle  Z  F  R ,  are  given  Z  R  and  angle 
Z  F  R  to  find  Z  F  ;  which,  by  the  construction,  is 
equal  to  A  P,  the  major  axis  of  the  orbit :  we  also,  in 
the  same  triangle,  find  RZF,  which  taken  from 
R  Z  S  leaves  S  Z  F.  Finally,  in  the  triangle  F  Z  S, 
-we  know  F  Z,  Z  S,  and  the  angle  F  Z  S,  whence  we 
find  Z  S  F,  which  shews  the  position  of  the  apsides, 
and  S  F,  which  is  double  the  excentricity. 

307.  This  solution,  being  on  the  supposition  that 
the  angles  A  F  C,  A  F  B,  &c.  are  as  the  times,  which 
is  not  strictly  true,  will  stand  in  need  of  correction. 
As  the  excentricity  of  the  orbit  is  small,  the  place  of 
the  earth  may  be  corrected,  by  saying,  in  the  first 
and  fourth  quadrants,  or  arc  O  A  D,  as  the  minor 
axis  to  the  major,  so  is  the  tangent  of  A  F  C  to  the 
tangent  of  A  F  C  corrected  j  and  the  same  may  be 
done  for  B.  But  in  the  2d  and  3d  quadrants,  or  arc 
DP  O,  the  correction  must  be  made  by  reversing  the 
antecedent  and  consequent  of  the  ratio.  In  orbits  of 
ereater  excentricity,  other  modes  of  correction  must 
be  adopted. 

308.  4M  Method.  Since  the  species  of  an  orbit 
may  be  best  determined  by  taking  the  medium  of 
results  from  different  methods,  one  more  method  is 
added,  similar  to  the  latter  in  some  respects,  but  ad- 
mitting of  a  more  speedy  calculation.  Find  three 
places  of  the  sun  in  the  ecliptic,  and  carefully  n)ea* 
sure  the  semidiameter  of  that  luminary  when  in 
those  places:  from  these  observations  we  have  the 
earth's  places  in  the  ecliptic,  and  the  relative  distances 
from  the  sun;  whence  the  problem  is  reduced  to 

o 
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this :  given  the  length  and  position  of  three  li?ies 
meeting  in  the  focus  of  an  ellipsis,  to  describe  that 
ellipsis^    This  may  be  easily  performed  geometri* 
cally  ;  for  if  C  (fig.  i,  PI.  IV.)  be  the  centre,  and  S 
the  focus,  of  an  ellipsis,  and  in  the  transverse  axis 
produced  there  be  taken  C  D,  a  third  proportional  to  ' 
C  S  and  C  A,  and  from  any  point  G  in  the  curve, 
G  £  be  drawn  parallel  to  B  D,  and  meeting  D  £  per- 
pendicular  to  it  in  £,  and  S  G  be  drawn ;  then  S  G 
will  always  be  to  G  £  in  the  constant  ratio  of  C  S  to 
C  A,  and  D  E  will  be  the  directrix  of  the  curve,  as  is 
shewn  by  the  wTiters  on  conies.     Wherefore,  if  G, 
H,  I,  be  the  extremes  of  the  given  lines  S  G,  S  H, 
S  I,  drawn  from  the  focus  S,  and  H  G,  I H,  be  joined 
and  produced  to  K  and  L,  so  that  H  K  be  to  G  K  as 
SHtoSG,  and  IL  toHLas  SI  to  SH;  then^  if 
KL  be  drawn,  and  perpendicular  to  it  IN,  HM, 
G.E,  S  D  ;  and,  lastly,  S  D  be  divided  in  A  in  the 
given  ratio  of  S  G  to  G  E ;  then  A  \\  ill  be  the  end  of 
the  transverse,  and  the  whole  of  the  ellipsis  is  thence 
determined.     Tor  K  H  being  to  K  G  as  S  H  to  S  (J, 
by  the  construction,  and  K  H  to  K  G  as  M  H  to  E  G, 
by  similar  triangles  ;    therefore,   S  H  :  S  G  : :  M  H: 
EG,  or  S II  :  M  H  : :  S  G  :  E  G  ;  and  in  the  same 
manner,  S I :  I N  : :  S  H  :  H  M  ;  wherefore,  in  gene- 
ral,'S  I :  I N  : :  Sn  :  H M  : :  S  G  :  G  E  : :  (per above) 
C  S  :  C  A ;  aiur  the  species  of  the  ellipsis  bccomet 
known.     From  this  construction,  the  calculation  is 
readily  deduced. 

.ioy.  M.  dc  la  CaUte  constructs  the  problem,  as 
stated  in  the  last  article,  in  much  the  same  manner: 
his  construction,  with  the  mode  of  calculation  result- 
ing from  it,  are  as  below.  Let  S  B,  S  C',  S  D  (fig.  2,  i 
PI.  IV.),  be  the  thrte  lines  given  in  magnitude  and 
position ;  draw  the  indefinite  right  lines  C  B,  CD, 
and  make  S  B:S  C  :  :E  B  :  E  C,  and  SC:CD:: 

C  F :  D  F  J  these  analogies  give  C  £  =  sc  — SB^  ^ 
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S C  X  CD 

C  F  zr  s  c  _.  s  p»  Then  the  right  line  passing  through 

the  points  £,  F,  will  be  the  directrix  of  the  ellipsis  ; 
for  B  H,  C  I,  D  K,  being  drawn  perpendicular  to  F  E, 
the  triangles  ICE,  HBE,  .are  similar;  therefore 
I C :  H  B  : :  E  C :  E  B.  Now^  by  construction,  E  C  : 
EB::SC:SB;  hence  I  C  :HB  : :  S  C  :  SB,  or 
IC  : S  C  : :  HB  :  S  B  ;  also  I C  :  KD : :  CF  :  DF : : 
S  C  :  S  D.  Therefore  the  perpendiculars  II B,  I C, 
K  D,  are  always  in  the  same  proportion  as  the  lines 
SB,  S C,  S D  ;  consequently  E F  is  the  directrix  of 
th^  ellipsis  passing  through  B,  C,  D.  Through  S 
draw  A  S  G  perpendicular  to  F  E ;  make  C  I :  C  S  : : 

GA:  AS::GP:SPj  or  take  S  P  =:  gy^-g-g,  and 

S  C  X  S  G 

S  A  =:  Qj_§  Qj  and  the  vertices  A,  P,  of  the  ellipsis 

will  thence  be  determined. 

3 1 0.  Calculation.  In  each  of  the  triangles  SBC, 
S  C  D,  two  sides  and  the  included  angle  are  known, 
whence  are  deduced  the  sides  B  C,  CD,  and  the 
angles  B  C  S,  S  C  D,  B  C  F.  Also  C  E  and  C  F 
may  be  found  by  the  equations  relating  to  them  in 
the  last  article ;  then  in  the  triangle  C  E  F,  two  sides 
and  the  included  angle  are  known,  whence  the  angle 
CEF  is  determined.  In  the  right-angled  triangle 
CI  £,  C  E  and  the  angle  C  £  I  being  given,  C  I  is 
found.  Draw  S I ;  then  in  the  triangle  SIC,  the 
sides  C  I,  CS,  and  the  angle  S  C I  r=ECI— B  C  S), 


_  given,  the  angles  CIS,  C  S  I,  the  side  S  I,  and 
the  angle  S I  G,  the  complement  of  CIS,  become 
known.  In  the  right-angled  triangle  S I G,  we  know 
S I  and  the  angle  S I G,  whence  S  G  is  easily  de- 
duced. Then  S  P,  S  A,  are  found  by  their  respective 
equations  (Art.  309.);  their  difference  S  O  is  twice 
the  excentricity,  or  the  distance  between  the  foci 
O,  S  J  and  their  sum  gives  the  major  axis  P  A. 
Lftftly,  in  the  triangle  B S O^  we  know  BS,  SO, 
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and  B0=:PA  —  SB;  whence  the  angle  B S 0 
or  B  S  A  is  determined,  which  gives  the  portion  of 
the  line  of  the  apsides  P  A  relatively  to  S  B. 

511.  Dr.   H alley  gave  an  ingenious  method  of 
performing   this   problem.;   but  as  it  supposes  the 
periodic  time  of  the  planet  mars  to  be  known,  it  can« 
hot  be  given  with  propriety  in  this  place.   According 
to  one  or  other  of  these  methods,  the  excentricitv  iJ^ 
the  earth's   orbit   has  been  ascertained  by  vanool 
astronomers:  Cassini  makes  it  1690;  Dr.  Hatltjff 
169 1*9;  M.  de  la  Landc^  1681*395;  to  the  mean 
distance  looooo. 

312.  Prob.  IV.  To  find  the.  greatest  equation  9J 
the  etntre  (Art,  299.)  in  the  earth's  orbit ,  hif  obicr^ 
vations  on  the  sun. 

Here  it  will  be  necessary  to  compare  the  motion  of 
the  earth  in  different  parts  of  its  orbit,  with  an  equal 
and  uniform  motion  of  a  body  moving  in  a  drcfc 
Let,  therefore,  the  ellipsis  A  E  B  F  (fig  3,  PL  IV.) 
be  the  orbit  of  the  earth,  in  the  focus  S  of  which  if 
the  sun.     At  the  centre  S,  and  with  the  distance 

S  E  z:  y/A  K  X  O  K,  a  mean  proportional  between 
the  two  semi-axes,  describe  the  circle  C  E  G  F ;  then 
it  is  well  known  that  the  area  of  this  circle  is  equal 
to  that  of  the  ellipsis.  Suppose  that,  at  the  same 
time  the  earth  departs  from  A  the  aphelion,  a  body 
begins  to  move  with  a  uniform  motion  from  C 
through  the  periphery  C  E  G  F,  and  performs  a 
whole  revolution  in  the  same  period  that  the  earth 
describes  the  ellipsis ;  the  motion  of  this  body  will 
represent  the  equal  or  mean  motion  of  the  earth,  and 
it  will  describe  round  S  areas  or  sectors  of  circles, 
.  which  are  proportional  to  the  times,  and  equal  to  the 
elliptic  areas  described  in  the  same  times  by  the  earth. 
Let  now  the  equal  motion,  or  the  angle  about  S  pro- 
portional to  the  time,  be  C  S  M,  and  take  the  area 
A  S  P  equal  to  the  sector  C  3  M ;  then  the  place  of 
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the  earth  will  be  P ;  M  S  C  will  be  the  mean  anomaly^ 
DSC  the  true  anomalxi^  and  M  S  D  the  equation  of 
the  centre.  Since  the  sectors  C  S  M  and  A  S  P  are 
equal,  and  the  part  C  S  D  is  common  to  both, 
P  A  C  D  and  S  D  M  are  equal ;  and  since  the  areas 
of  circular  sectors  are  proportional  to  their  arcs  when 
the  radii  are  equal,  the  equation  of  the  centre  is  a 
Viujuniufn  when  the  area  A  C  D  P  is  a  maxivuimy 
that  is,  at  the  point  E,  where  the  ellipse  and  circle 
intersect  each  other.  For  when  the  earth  descends 
further,  to  R  for  instance,  the  equation  becomes  pro- 
portionable to  the  difference  of  the  areas  ACE  and 
m  E  R,  or  to  the  area  GBR  ;y/,  V  being  the  situa- 
tion of  the  body  moving  equably ;  for  the  sector 
CSV  will  be  equal  to  the  elliptic  area  A  S  R,  and, 
taking  away  the  common  spaces,  ACE  —  RE;;;  iz 
to  the  sector  V  S  ;;?,  or  the  equation.  At  the  points 
£  and  F,  where  the  circle  and  ellipsis  intersect,  the 
radius  vector  of  the  earth,  and  the  radius  of  the 
circle  of  equable  motion,  are  equal,  and  of  course 
those  radii  then  describe  equal  areas  in  equal  times ; 
wherefore,  when  the  real  motion  of  the  earth  is  equal 
to  the  mean  motion,  the  equation  of  the  centre  is 
greatest ;  hence,  we  have  this  practical  rule  :  observe 
the  motion  of  the  sun  in  the  ecliptic  for  several  days, 
until  the  true  motion  be  equal  to  the.  mean  mo  ion, 
found  by  dividing  the  whole  circumference  360°,  in 
such  ratio  as  the  time  for  which  the  mean  motion  is 
required,  bears  to  the  time  of  a  periodic  revolution  ; 
then  is  the  earth  in  the  place  of  its  sf'reutesi  cf/f/utio/u 
Between  five  and  six  months  after  this,  observe  again 
the  true  place  of  the  sun,  or  of  the  earth,  when  its 
true  and  mean  motions  are  equal,  for  then  also  its 
equation  is  greatest ;  consequently,  take  the  diiference 
or  the  two  places  of  the  earth,  or  sun,  for  their  real 
angular  motion ;  and,  after  computing  the  mean 
motion  for  the  same  time,  take  half  the  difterence 
^f  the  mean  and  angular  motions  for  the  greaic;x( 
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equation.  In  order  to  arrive  at  great  accuraqr,  acre- 
ral  observations  should  be  made  near  the  times  when 
the  equation  is  greatest,  and,  after  comparing  them 
two  by  two,  the  medium  of  the  results  may  be  relied 
upon  as  very  near  the  truth. 

Ex.  In  1 744,  M.  de  la  Caille  observed  the  sun't 
place  when  the  true  motion  corresponded  with  the 
mean; 

On  September  30,  at  1 8  44  45    .    6    8  ai  31 
1745.    March  e8,  at    o    5    7    .    o    7  53  46 

Diflference  of  longitude    .    .    .    .     5^93115 
Mean  motion  corresponding  to  178* 

S^  20'  22" 5  25  39  s% 

3  SI  ^3 


Half  this  difference  gives  1^  55'  41!^  for  the 
greatest  equation.  From  the  mean  of  several  obser- 
vations, M.  de  la  Caille  made  it  i*  55'  32'''}  but 
Cassini  in  his  tables  makes  it  i^  55'  51''^  In  AIayef^% 
tables  it  is  I®  55'  31*6'^;  and  M.  de  Lambrc^  froni 
the  very  accurate  observations  of  Dr.  Ma.skelifne^ 
states  it  at  1°  55'  30'9^^  for  the  year  1780 ;  and  it  is 
generally  allowed,  that  both  it  and  the  excentricitj 
are  subject  to  a  regular  diminution. 

313.  Prob.  V.  To  find  the  position  of  the  eartKt 
apsides^  and  the  time  u^hen  it  is  in  the  aphelion. 

1st  Alcthod.  The  position  of  the  earth's  apsides 
may  be  found,  having  three  places  of  the  sun,  and 
the  apparent  semidiameter  of  the  luminary  when  in 
each  place,  by  the  method  of  calculation  given  in 
Art.  310. ;  and  the  time  may  be  found,  by  deter- 
mining the  time  when  the  sun  is  in  that  part  of  the 
ecliptic,  opposite  to  the  place  of  the  earth's  aphelion. 

314.  id  Method.  Observe  two  places  of  the  sun 
at  the  distance  of  three  or  four  signs  of  the  ecliptic 
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iirom  each  other,  where  the  apparent  motion  is  the 
same^  or  the  apparent  magnitude  the  same :  let  the 
oppodte  places  to  these  be  C  and  B  (fig.  15,  PL  III.), 
one  on  each  side  the  aphelion.  Bisect  the  arc  B  C 
by  the,  line  A  P,  which  will  be  the  line  of  the  apsides ; 
and  the  middle  between  the  times  of  observation,  is  the 
time  when  the  earth  is  in  the  aphelion ;  that  is,  if  the 
magnitude  of  the  sun  at  S,  when  observed  at  B,  v,  as 
decreasing ;  for,  if  it  were  increasing,  the  earth  would 
then  be  approaching  the  perihelion. 

315.  3^  Alethod.  Having  found  the  greatest  equa^ 
tion,  we  may  find  the  place  of  the  aphelion  according 
to  the  following  directions  given  by  M.  Cassini : 
observe  the  earth  at  r  near  the  aphelion  A  (fig,  3, 
PL  IV.);  and  the  place  F  being  known  where  the 
equation  of  the  centre  is  the  greatest,  the  angle  F  S  r 
will  be  the  true  angle  described  between  F  and  r  ; 
then,  from  the  time  of  describing  this  angle,  compute 
the  mean  motion ;  and  if  the  difference  between  the 
true  and  mean  motions  be  equal  to  the  greatest  equa- 
tion, then  r  is  the  aphelion,  but  if  it  be  /e.v.v,  the  earth 
is  not  arrived  a^  the  aphelion.  Make  another  obser^ 
vation  when  the  earth  is  at  P,  and  if  the  difference 
between  the  true  and  mean  motions  is  i{rcafer  than 
the  greatest  equation,  the  earth  has  passed  the  aphe- 
lion. If  this  be  not  yet  the  case,  continue  the  obser- 
vations until  it  is  ;  that  is,  till  P  be  on  a  contrary  side 
the  aphelion  from  r.  Then  sav,  as  the  sum  of  the 
equations  at  r  and  P  :  the  equation  at  r  :  :  the  angle 
r  SP  :  the  angle  r  S  A,  the  distance  of  the  point  /• 
from  the  aphelion.  And  the  time  at  A  may  be  found 
by  the  same  analogy,  having  the  respective  limes  at  r 
ahdP. 

iy  one  or  other  of  these  methods  the  earth's  aphe- 
lion is  now  found  to  be  when  the  sun  is  in  8?  40'  1 2^ 
of  22.  In  1750,  the  place  of  the  aphelion  ^vi1s, 
i»iXording  to  Cassini,  8"^  ay'  23'' ;  to  IIaiU\i/,  8"*  28' 
42^'  J  and  to  La  Lamky  8°  37'  16''. 
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3 1 6.  If  the  place  of  the  aphelion  at  present  be 
compared  with  the  place  as  determined  several  yeart 
ago,  its  motion  will  be  known  for  that  time ;  ^Xkd^ 
dividing  the  angle  moved  through  by  the  number  of 
years,  the  quotient  will  give  the  annual  motion  of 
the  aphelion.  This,  according  to  the  best  observa- 
tions, is  about  i'  2^  And  the  precession  of  the 
equinoxes  being  about  ^oY  annually;  we  shall  have 
n\'  for  the  actual  motion  of  the  aphelion.  The 
time  required  by  the  sun  to  pass  over  1 1^'^  of  longi- 
tude being  added  to  the  sidereal  yeai\  will  give  365* 
6**  1 4™  2*  for  the  anomalistic  year,  or  the  time  oc- 
cupied by  the  earth  in  revolving  from  aphelion  to 
aphelion. 

317.  M.  de  ia  Landc  proposes  to  examine,  and 
if  need  be  correct  the  place  of  the  aphelion  by  two 
observations  ;  one  near  the  aphelion,  and  the  other 
near  the  time  of  the  greatest  equation.  Calculate 
for  each  observation  the  equation  of  the  centre  from 
the  supposed  place  of  the  aphelion,  and  take  the 
difference  of  the  equations,  if  the  two  observations 
be  on  the  same  side  of  the  aphelion,  but  the  sum  if 
on  different  sides  ;  and  this  difference  or  sum  will 
show  how  much  the  true  motion  differs  from  the 
mean,  the  mean  being  known  from  the  known  inter- 
val between  the  observations.  Hence,  if  the  differ- 
ence calculated  agree  with  the  difference  observed, 
the  place  of  the  aphelion  was  rightly  assumed ;  but 
if  the  true  motion  by  calculation  differ  more  from 
the  mean  motion  than  the  true  motion  by  observation 
does,  the  place  of  the  aphelion  was  too  near,  or  too 
far  from,  the  observation  made  near  the  time  of  the 
^eatest  equation.  Assume,  therefore,  another  place 
For  the  aphelion,  as  may  be  judged' proper  from  cir- 
cumstances, and  the  true  place  will  soon  be  found. 
But  this  mode  of  correction  requires  some  know- 
ledge of  the  caicuiations  explained  in  the  next  pro- 
blem. 
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318.  Prob.  VI.  Given  the  periodic  time  of  the 
earthy  the  time  from  the  aphelion^  and  the  excentri'^ 
city  of  the  orbit ;  to  find  the  angular  distance  from 
the  aphelitfiiy  or  the  true  anomaly^  and  the  distance 
from  the  sun^  in  tentis  relative  to  the  edventricify^ 
or  the  fnqjor  axis. 

Since  the  earth,  as  well  as  any  other  body  moving 
in  an  orbit  about  a  central  point,  describes  areas 
proportional  to  the  times  (Art.  syi.^,  the  area  ASP 
(fig.  4,  PI.  IV.),  moved  over  by  the  i^adius  vector^ 
vmle  the  earth  passes  from  its  aphelion  A  to  the 
situation  P,  will  be  to  the  whole  ellipsis,  as  the  time 
of  describing  AP,  to  the  whole  periodical  time; 
or  (Art.  299.)  as  the  mean  anomaly  at  P,  to  360^. 
The  problem  is  therefore  reduced  to  this :  Given  the 
species  of  an  ellipsis^  to  fnd  the  length  and  posi^ 
tion  of  a  line  SF  from  one  of  the  foci ^  which  shall 
cut  off  a  trilineal  area  ASP,  in  a  given  ratio  to 
the  whole  ellipsis.  Under  this  form  it  has  been  con- 
sidered  in  Dr.  Hutton^s  comprehensive  and  excellent 
Treatise  on  Mensuration  (see  p.  298,  2d  ed.),  where 
the  solution  is  in  substance  as  follows  : 

The  area  of  an  ellipsis,  or  any  sector  of  it,  not 
admitting  of  a  correct  expression  in  finite  terms,  re* 
course  must  be  had  to  infinite  series :  let,  therefore^ 
C  A  or  CQ^zz  r,  C  G  zi  r,  and  ^  z:  PI ;  then   S 

being  the  focus  of  the  ellipse,  S  A  z:  r  +  y/r« — c-^ 
and   the  trilineal   SAPziJcX     (r  +  ^ r^ c%  + 

-/~>JJ?+5i|r*'  ^'^•)-     P"«^"S  T  =  SAP 

=  irzY.    (a  +:^.+^;^  &cO  «  being  =  » + 

/TZii  and  qzz.'^lzz  z  X  (a  +-^+  ^  &c.) 

we  shall  have  by  reversion,  ^ =-  — r-f-.  +  •  ■'°~T^.;  f' 
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_a8o-5o4«+^^y    &C.)  =i^X  (I -^,9*+ 

^Vi5* T — --/^j  &C.)  where  »  = 

izoar^  5040^9  I    ^  /  r 

— ,  which  latter  series  generally  converges  very  fast* 

The  application  of  this  to  the  present  problem  will 
be  very  easy ;  only  remarking,  that  when  the,  earth 
is  nearer  the  perihelion  than  the  aphelion,  or  when 
the  mean  anomaly  is  between  3  and  i  o  signs,  it  will 
be  better  (if  this  method  be  used)  to  estimate  the  true 
anomaly  from  the  perihelion :  then  S  QJ)eing  =  r  — 

s/rr—cc^  a    in    the  last    series    will    be  =  i  -— 


J 


cc* 

I 

rr 


Ex.  Required  the  true  anomaly  of  the  earth,  and 
its  distance  from  the  sun  answering  to  the  mean  ano- 
maly of  I  sign  or  30%  the  excentricity  being  *oi68i, 
to  the  mean  distance  i. 

Here  A  C  =  r  =  i,  CS  =  -01681,  CG  z=  c  = 
^/i  —  '01681*  zi '9998587,  the  area  of  a  quadrant 
of  the  ellipsis  zz  785398,  &c.  x  re  =  7852871 ; 
then,  as  3  signs  :  i  sign  :  :  7852872  :  '2617624  =* 

T;  hence -7- =  2 T= '5235248,  and  — =^ — =f 

X  78539,  &c.  =  '5235988  =/?:alsofl=  i*oi68i^ 

^nd^*  =  -2589869.     Then, 

Tcnn. 

iftA=^= +-98346790 

2d  B  =  ^  A  X  ^-,  =     .     .     .     .  —  '04245088 

3d  C  =  1^21  B  X  J-;  = .    .    .  +  -00046655 

4th  D  =  !!izii?±-"J:iiil*C  x'-,  =  -  -00000044 

the  sum  =         '94 1483 13 
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2T 
^Dvluch  drawn  into  —  gives  •4928897  =  z  =PL   But 

C  I  =  -XV^^*  — -*=  •87005233;  therefore  SI  = 

S  c  +  C  1  =  -88686233.  Consequently,  S  I :  PI 
:  :  radius  :  tang.  P  S  A  =  29-063904^  =  29^  2>  5^^ 
3^',  the  true  anomaly.  And,  radius  :  secant  P  S  I 
:  :  S  I :  SP;  =  1*0146255,  the  distance  of  the  earth 
from  the  sun,  to  the  mean  distance  i. 

3\9*  Dr.  John  KeiUy  in  the  23d  of  his  Astj^ono^ 
mical  Lectures^  has  given  a  direct  method  of  find- 
ing  the  true  anomaly ;  which,  as  it  may  be  frequently 
applied  with  advantage,  is  here  explained.  Let  A  N  6 
(fig.  4,  PL  IV.)  be  a  semicircle  whose  diameter  is 
the  major  axis  of  the  ellipsis,  its  centre  C,  and  S  the 
Tocus  of  the  ellipsis  in  which  the  sun  is  placed. 
Through  the  place  of  the  earth  imagine  a  perpendi- 
cular N I  to  be  drawn  meeting  the  circle  in  N ,  then 
the  arc  AN  will  measure  the  excentric  anomaly. 
The  area  A  S  N  will  be  to  the  whole  circle,  as  the 
given  time  from  the  line  of  apsides,  to  the  earth's 
periodical  time.  Draw  c  N,  and  from  S  let  fall  upon 
It,  produced,  if  required,  the  perpendicular  ST: 
the  area  ASN  is  equal  to  the  sum  of  the  sector 
A  C  N    and    the    triangle    NSC;    that  is,  equal 

4CNx  AN  +  i  C  N  X  S  T.  And  therefore,  since 
I  C  N  is  a  constant  quantity,  the  area  ASN  will 
be  always  proportional  to  the  arc  A  N  +  ^he  right 
line  S  T,  when  the  motion  is  from  the  aphelion  to 
the  perikdion  :  but  when  the  earth  ascends  from  the 
perihelion  to  the  aphelion,  the  area  QS  ;/  is  equal  to 
the  sector  QjC  //  —  triangle  C  S  ;7 ;  and  consequently 
will  be  proportional  to  the  arc  Qjf  —  the  right  line 
S  t.  Hence  if  we  take  the  arc  A  D  or  Qjl  propor- 
tional to  the  time,  A  N  +  S  T  will  be  equal  to  AD, 
or  Qji  —  S/  =Qj/;  for  then  AD  and  Q^i  will  be 
proportional  to  the  areas  ASN,  and  Q^S  /.'.  Here, 
as  the  arc  \  D  is  e^ual  to  the  right  line  S  T,  when 
the  excentricity  is  very  small  N  D  may  be  reckoned 
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nearly  rectilinear,  and  N  C  D,  N  C  S,  two  eqital 
rectilinear  triangles :  and,  as  N  C  the  base  of  each 
is  the  same,  the  perpendiculars  N  D,  S  T  may  be 
considered  equal  and  parallel,  and  the  angle  N  C  D 
=  C  D  S.  Then  in  the  triangle  CDS  are  known^ 
CD,  C S.  and  the  included  angle  DCS,  equal  to 
the  supplement  of  A  C  D,  the  mean  anomaly:  whence 
the  angle  DSC,  or  the  arc  AN,  is  easily  found. 
But,  to  be  more  accurate,  AN,  and  thence  the  true 
anomaly,  must  be  determined  as  follows :  Call  the 
arc  ND,  y,  the  sine  of  AD  call  e^  the  co*sine  /^ 
and  the  excentricity  C  S,  g.  Then,  as  is  shewn  by 
the  authors  on  trigonometry  (See  Kmerson^  Mau* 
duitiy    Mascresy    &c.),    the    sine   of  AN==^  — 

' — 1-,  &c,  and  CO' sine  =  i  — ^-   +  -^ —  — •    he 

a.3  ^^  2      •     2.3  4       • 

Hence  the  sine  =  e  —  fy  —  —  +  —  +  ~  —  —  . 

^  ^        2        » 3       ft.3.4         * 

&c.  Also,  as  rad.  =  i  :  sine  AN  or  Z S  C T  :  : 
SC  {z=:g)^,  STzzNDzij/  =  ^e-.^y>-. 

T^  +  Hi  +'  ^^-    "^^^^  i^  ^  =i^  +  gfy  + 

7 = ^''% = ^'  2j^4 = '''  ^^-  ^^^"^  -  =^i^  +  ^y^^ 

cy^  —  dy'  +,  &c.  and  by  reversion  of  series^  =» 

i ""  1,3  ^         as       ^  -  -^1 X  -  ,    &C., 

and,  because  of  the  values  of  b  and  d  just  given,  we 
shall  have  v  =  ;  —  ri  +  ^r—  ^,  &c.    If  the  arc 

AN  be  greater  than  90^  and  less  than  270^,  the  co- 
sine of  A  D  will  be  negative ;  and  then  ^  =  i  — gj\ 


*3  ^  J.J 


and  3^  ==  -  ""7^  "^  "^  +»  &c.  To  express  this  va- 
lue of  y  in  degrees  and  parts  of  a  degree,  say,  as 
radius  is  to  this  series,  so  are  57*29578  (the  degrees 
yf  «i  arc  equal  in  length  to  the  radius)  to  a  fourth 
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number:  consequently,  since  the  radius  is  unity,  if 
we  multiply  the  series  by  57*29578  =  R,  we  shall 

il  z        R  rJ 

have  V  or  ND  in  degrees  and  decimals  =  — \ 

Re**' 

+  — j^ ,  &c.     The  very  first  term  of  this  series 

will  determine  the  excentric  anomaly  of  the  earth 
within  a  1 0000th  part  of  a  degree,  and  will  not  cause 
an  errour  of  the  200th  part  ot  a  degree  in  any  of  the 
planets. 

S'^O.  Having  found  N  D  by  the  above  method, 
and  consequently  A  N  from  the  mean  anomaly,  we 
have  next  to  determine  the  angle  ASP:  to  this  end, 
let  w  be  the  other  focus.      Then  PS — Piv-  = 

xc Si  +  2 a' S  y^w\  (Pr.  Euc.  II.  1 2.)  =  r^,' S  +  2  11: 1 
XwS  =  2Crf?  +  awl  X  2CS  =  2CIX  2CS  : 
hence  SP  +  Pz4^:  2  CI  :  :  2  CS  :  SP  — Pit,-  or, 
since  A  C  is  denoted  by  i,  2  :  2  C I  :  :  2  C  S  :  S  P  — 

a_SP;  or  I  :  CI  :  :  CS  :  SP— i:  thereforeSP 
«=I  +  CSXCI  =  I  +CSX  co-sine  Z  A  C  N. 

From  the  principles  of  plane  trigonometry  ^   '"/ vsp 

=:tang.  I  A  S  P*.  But  in  the  right-angled  triangle 
S  P  I,  we  have  S  P,  or,  as  above,  i  +  C  S  X  co-sine 
A  CN  :  rad.  i  :  :  S  I,  or  C  S  +  C  I,  or  C  S  -f  co- 
sine  A  C  N  :  so-sine  A  S  P  = 

C  S  -f  co-sinc  A  C  N  rpi        r        *  —  co-sine  ASP 


I  t  CS  X  co-sine  ACN*                            x  -f  co-sine  ASF 
xi-f  CS  X  co-sineAC  N  —  CS— co-sine  AC i\  ___ 
Vi  -h  CS  X  CO  sine  A  C  N  -f  CS  -f  co-sine  A  C  N 
I— CS-f  co>8.ACNxCS— 1  _^  SQ— COS.  ACX  x  Sa 
l^C:5-|.co-s.ACN  xCSTi          A  S  -i-  co-s.  A  C  IN  x  A  S 
SQv^  I  —  co-sine  ACN'X       SQ  ^^  ^     rXT^rr^* 

p^^ — X    -: — r-r^>rr)^-r^  Xtang.  f  ACN     zz 

A>i^  T  -f- co-9ine A C  N         AS  ^   ^ 

tang,  i  A  S  P^%  as  above.  Therefore  -^  A  S  :  ^S  Q^ 
f  :  ung,  I  A  C  N  :  tang.  {ASP;  virhence  ASP,  the 
true  anomaly,  becomes  known. 

Ex*  Required  the  true  anomaly,  when  the  excen* 
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Iricity  of  the  earth's  orbit  is  as  before  '01681,  and 

the  mean  anomaly  30**  ? 

Logarithms  of  ^  zz  •01 68 1  .  •  •  8*2^55677 
Log.  sine  of  c  zz  30**  .  •  •  .  9*6989700 
Log.  of  R  59*29578 17581226 

Log.  of  R  0^  e,  or  of  R  ^  .  ♦  •  •  9-6826603 
Log.  of  ^/,  or  of  I +«-^*    •    .    •     •    0*0063137 

Rz 
Log.  of  —  =:  '47462    .     ♦^    .     .     .     9*6763466 

The  corresponding  number  '47462  is  a  decimal  of 
a  degree,  and  answers  to  28'  28'^  z:  y  z:  N  D,  true 
10  a  second  ;  therefore,  AN  iz  29^  31'  32^*  ' 

Hence,  log.  tang.  }  A  C  N,  or  of 

•  14^  45'  46'''       •     .    .     .     .     .     9*4208078 

1  log.  S  0^-98319 9'9963^87 

9*4171265 
I  log.  AS  i*oi68i 0-0036199 

log.  tang.  1 4^  3 1 '  40'^  .     •     .     9*4135066 

Hence  the  true  anomaly,  according  to  this  method,  is 
29^  3'  20''.  Dr.  Keill^  taking  '01691  for  the  excen- 
tricity;  finds  y  zz  28'  38^',  and  the  true  anomaly  = 
29^  Q.'  54^^  The  distance  from  the  focus,  /•  e.  S  P, 
may  be  found  by  means  of  the  expression  S  P  zz  1  + 
C  S  X  co-sine  A  C  N,  in  the  foregoing  investigation. 

^21.  M.  (It  la  Caii/c,  from  a  mode  of  investigation 
in  many  respects  similar  to  what  is  here  given,  has 
drawn  the  following  approximating  rules  \FJevimts 
A^tron.  p.  79)  : 

L  As  the  aphelion  distance  is  to  the  perihelion 
distance,  so  is  the  tangent  of  half  the  mean  anomaly 
to  the  tangent  of  an  arc,  which  added  to  that  half,  the 
sum  is  called  the  approximated  excentric  anomaly* 
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If  dbe  difference  between  the  !tppix>xiinated  and  mean 
aoKmudies  does  not  exceed  3^,  its  difference  from  the 
i^eah^tric  anomaly  wn  not  amount  to  a' second. 
Itolwn  ttils  hap^k^y  wluch  is  always  the  case  in  the 

'dpkit'of  the  iearth^  th&  next  four  artides  become 
'uel^^;  nevertheless,  as  they  are  of  utility  in  deter- 

'  nming  the  true  anomaly  of  the  othier  planets,  they 
are  al&ed.  * 
tL  aJ  half  the  greater  axis  is  to  the  excentricity, 

.  so  are  57**  17'  44^  (or  1062644'  whose  logarithm  is 

'  5*3144150)  to  a  number  of  seconds,  which  call  A. 

'  IIL  As  radius  to  the  seconds  A,  so  is  the  sine  of 

the  approximated  excentric  anomaly  (I)  to  another 

nuinocar  of  seconds,  which,  taken  from  the  mean 

anomaly,  gives  anodier  approximated  excentric  ano- 

'  in^. 

ry •  As  i;|adius  to  the  seconds  A,  so  is  the  sine  of 

"^  the  new  approximated  excentric  anomaly  to  a  number 

*  of.  seconds,  \7hich,  subtracted  from  the  mean  ano- 
maly, gives  also  another  approximated  excentric 
anomsdy. 

V.  This  amdogy  must  be  repeated,  always  putting 
the  sine  of  the  last-found  approodmated  anomaly 
'  for.  the  third  term,  till  two  be  found  successively, 
'  vhith  are  equal ;  then  either  will  be  the  true  excen- 
tric anomaly. 

'  VI.  As  the  square  root  of  the  aphelion  distance  is 
to  the  square  root  of  tte  perihelion  distance,  so  is  the 
tsmgent  of  half  the  true  excentric  anomaly  to  the  tah- 

*  1^  of  half  the  truie  anomaly  sought.    If  these  ano- 
.  malies  should  exceed  180%  their  supplements,  or  half 

their  supplements,  must  be  used  instead  of  these  ano- 
snalies,  or  their  halves. 

VOL  /is  radius  to  the  co-sine  of  the  true  anomaly, 
•o  is  the  excentricity  to  a  fourth  quantity  B  ;  then^ 
as  half  the  greater  axis,  plus  or  minus  the  quantity 
.B  to  the  permelion  distance,  so  is  the  aphelion  dis- 
tance to  the  distance  sought.    B  must  be  added  in 
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the  3d,  4th,  5th,  6th,  7th,  and  8th  signs  of  the  tree 
anomaly,  but  subtracted  in  the  other  signs* 

3^^*  From  what  has  been  shewn  in  Art.  319,  320, 
we  may  deduce  a  method  of  determining  the  greatest 
equutionj  having  given  the  proportion  of  the  axis  ; 
for  it  has  been  shewn  (Art.  312.),  that  when  the 

equation  is  greatest  S  P  =  ^A  C  X  C  G ;  whence 
SP  becomes  known.  But  from  Art.  320.  SP  = 
I  +  C  S  X  co-sine  A  C  N ;  therefore,  co-sine  A  C  N 

==     ^g    =  co-sine  S  C  T :  hence,  as  S  C  is  known 

from  the  proportion  of  the  axes,  S  T  becomes  known, 
or  its  equal  the  arc  N  D  :  to  convert  this  into  de- 
grees, say  as  rad.  i  :  N  D  : :  57®  1 7'  444'''' :  the  degrees 
m  N  D,  which  added  to,  or  subtracted  from,  A  C  N, 
gives  A  C  D  the  mean  anomalij.  And  as  A  C  N,  the 
excentric  anomaly,  is  known,  we  easily  find  the  true 
anomcdy  by  the  analogy  given  in  Art.  320.  for  that 
purpose.  The  difference  between  the  mean  and  true 
anomalies  thus  found  is  the  greatest  equation  re- 
quired. 

3s23.  If  the  true  anomaly  were  given,  and  it  were 
required  to  find  the  mean,  it  might  be  readily  done 
thus  :  the  excentricity  being  known,  and  G  S  or 
A  C   being  expressed  by   unity,   we  have   C  G  asa 

V^  G  S*  —  S  C>,  whence  the  ratio  of  A  C  to  G  C  is 
known,  and  this  is  the  ratio  of  N I  to  PI,  by  the 
nature  of  the  ellipsis  and  circumscribing  circle: 
hence  the  angle  ASP  being  given,  we  have  P I :  N I 
: :  tang.  ASP :  tang.  AS N.  And  in  the  triangle  NCS 
we  know  N  C,  S  C,  and  the  angle  C  S  N  ;  whence  we 
find  S  C  N,  the  supplement  of  which  is  S  C  T.  Then 
in  the  triangle  S  C  T  we  know  S  C  T  and  S  C,  from 
•  which  we  get  S  T ;  which  reduced  to  degrees,  by 
reckoning  57°  17'  44,^^  as  equivalent  to  radius,  or  i^ 
and  added  to  A  C  N,  gives  the  mean  anomaly. 

324.  This  important  problem  was  first  proposed  by 
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Kepler,  and  is  thence  called  Kepler's  problem*.  The 
solurion  has  been  attempted  by  some  of  the  ablest 
mathematicians  in  Europe.  Dr.  JVallis  first  gave  the 
geometrical  solution  by  means  of  the  protracted 
cycloid ;  and  Sir  Isaac  Newton  has  solved  it  in 
nearly  the  same  manner,  in  the  Princlpia^  Prop.  3 1 . 
lib  I.  He  has  also  given  an  excellent  approximation 
in  the  subsequent  scholium.  Dr.  Matthew  Stewart 
likewise  has  given  a  very  short,  easy,  and  exact  me- 
thod of  finding  the  place  of  a  planet  in  its  orbit,  in 
the  latter  part  of  the  4th  of  his  F/ii/sical  and  Alatiid" 
matical  J  racts.  Dr.  Set  ft  Jf^ard^  in  his  Astronomia 
Crcometricaj  solved  the  problem  on  what  has  been 
since  called  the  simple  elliptic  hypothesis^  in  which  it 
b  supposed  that  the  angular  velocity  about  the  focus 
w  is  uniform  :  this,  though  not  accurate,  frequently 
serves  as  a  useful  approximation.  M.  Casstn/^  at 
p,  144  of  his  Elcm.  Astron.  has  given  an  ingenious 
method  which  may  be  sometimes  adopted  with  advan- 
tage :  he  draws  D  :  perpendicular  to  S  T,  and  consi- 
ders S  ^  as  the  difference  between  the  arc  of  the  angle 
CDS,  and  its  sine ;  he  therefore  computes  the  angle 
CDS,  which  is  easily  done,  since  CD,  C S,  and  the 
mean  anomaly,  are  known  ;  and,  taking  the  difference 
between  the  arc  and  its  sine  for  S  :,  he  uses  this 
analogy,  S  D :  S  • : :  radius :  sine  S  D  ^,  which,  sub- 
tracted from  the  angle  S  D  C,  leaves  .c  D  C,  or  the 
alternate  angle  D  C  N ;  from  which  the  true  anomaly 
is  soon  found.  To  enter  into  a  fuller  description  of 
this  method  is  unnecessary,  since  the  methods  eluci- 
dated in  the  preceding  articles  are  amply  sufficient 
for  every  useful  purpose. 

39c.  Prob.  VII.  To  Jind  the  real  distance  of  the 
earth  from  the  sun. 

When  treating  on  the  subject  oiparaUax  (Art.  88. \ 
k  was  shewn,  that  the  distance  of  any  heavenly  body 
from  the  earth's  centre  might  be  easily  found  in  terms 
of  the  earth's  radius,  provided  its  horizontal  parallax 

p 
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was  known.    Therefore,  since  the  semidiameter  of  the 
earth  is  known,  the  only  requisite,  in  the  instance 
before   us,   is  the  sun's    horizontal  parallax.     Xhc 
distance  of  that  luminary  from  us  is  so  great,  that  the 
determination  of  the  horizontal  parallax  requires  con- 
siderable attention  and  skill.     Many  attempts  have 
been  made  both  by  the  ancients  and  moderns  for  this 
purpose  ;  but  the  most  accurate  is  that  which  depends 
upon  the  passage  of  meran^y  or  vemis  over  the  sun's 
disc,  called  the  ttHimit  of  mercury  or  venus.     The 
method,  founded  upon  careful  observations  of  such 
transit,  gives  as  the  mean  result  about  W^*6$  for  the 
sun's  horizontal  parallax  at  the  time  of  the  transit,  or 
nearly  8  ^'75  as  the  mean  distance  of  the  sun  from  the 
earth  (see  Chap.  XX.).     We  have,  therefore, . from 
the  nature  of  parallax,  this  analogy  : 

As  sine  ^"^7$     .     .     .     arith.  comp.     4'3773324 

To  radius 1 0*0000000 

So  is  I  semidiameter 0*0000000 


To  23841*43  semidiameters      .     .       4*37733^ 

This  number  of  semidiameters  multiplied  into 
3985,  the  number  of  English  miles  in  the  earth's 
semidiameter  (taking  it  as  a  sphere),  produces 
95008098  miles  for  the  earth's  mean  distance  from 
the  sun.  Mr.  Shorty  from  his  observations  on  the 
transit,  stated  the  mean  distance  at  95173127  niiles; 
D.  Hcrfhsbii  makes  the  distance  93726900  miles; 
while  others  make  it  95834742.  On  the  whole,  the 
round  number  95  millions  of  miles  may  be  reckoned 
the  mean  distance,  being  undoubtedly  as  near  the 
truth  as  can  be  reasonably  expected  in  such  an 
enquiry"^. 

♦  That  excellent  goometrician.  Dr.  Matthew  Stavart,  published, 
in  1763,  a  Supplement  to  his  v.ilu.ible  tracts,  in  which  the  dij»un<x 
•i'  tht*  liun  lioin  the  carlh  wai  determined  by  the  theory  ofgraiU^. 
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Mis  mettiod  depended  upon  ascertaining  the  proportion  of  the  cen- 
tnpeUl  force  of  the  moon  to  the  earSi,  to  the  mean  solar  force 
ttfiacting  the  graTity  of  the  moon  to  the  earth ;  and  this  he  eifttcted 
bf  means  of  the  motion  of  the  moon's  apogee.    According  to  his 
dcteimination,  the  sun*s  parallax  is  6*Oy.  and   mean   distance 
1  i8$4l4l8  mites  :  hiit  Mr.  Machnf  Whb biri  formeriy  endeavoured 
to  asoeitain  the  sun*s  distance  on  similaf  principles^  only  using  the 
motimi  of  the  moon%  nodes  instead  of  that  of  the  apogee,  assigns 
t*ifar  the  parallax  of  the  sun,  which  would  give  a  distance  much 
^miaxt  the  truth  th to  Dr.  Suwtirfn.    About  five  yeslrs  dAer  tlfe 
puMicfition  of  tUs  supplement  on  tiie  twi's  d!uf oiiicf ^  a  small  .pam- 
phlet was  published  utider  the  title  of  Jbiir  PrcpoiUians,  in  which 
sevend  of  the  errours  in  Dr.  Siewarfs  investigation  were  pointed 
cat,  and  it  was  snfiiciently  proved  that  the  distance  of  the  sun  can 
icarcely  ever  be  truly  ascertained  by  the  tbeoiy  of  gravity.    This 
pamplidet  was  written  by  Mr.  Jokn  XXroim,  of  Sedberg,  in  York- 
jhb^ .  vhprra  then  a  very  yonog.  madiediaticiaif,  as  observed  by 
■himself  in  No.  9  of  the  Ma&emaikal  Raqtik^  (where  these  Pro- 
*positk»0are'repiiblish6cl),  but  Is  no^  IveD  known,  andunivenaify 
-jubnired,  u  one  6(  the  most  ingenioos  tnfcthemattdans  and  philoso- 
nlKcs  this  oonntry  now  possesses.    The  late  Mr.  Lamden  also  pub- 
lished some  JMaiadvermms  upon  Dr.  Steafari'$  computation  -,  but  it 
Is  lW%fe  lam*ented,  that  thqr  were  written  widi  much  more  of  asperity 
-«ad  tbe  spirit  of  exnltatidn  than  ought  ever  to  have  been  directed 
jgiinrt  a  gentleman  of  such  distingnished  talenU  and  worth  aa 
-|A.8lMrart» 


^m-w    ••   -- 
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CHAPTER   XII. 


On  determining^  by  Observation^  the  Magnituda^ 
SituationSy  ^c.  of  the  Orbits  of  the  Planets. 


Art.  3S^6.  IN  the  determination  c^  the  Tariooi 
particulars  relative  to  the  orbits  of  the  planets,  dil^ 
ferent  authours  have  adopted  different  methods*  cicb 
of  which  has  probably  its  peculiar  advantages :  ii 
this  work  the  necessary  elements  will  be  determined 
by  a  process  nearly  similar  to  that  which  we  had  i^ 
course  to  in  the  preceding  chapters.  We  (hall  por* 
sue  the  enquiry  in  what  appears  to  be  the  natad 
order,  by  ascertaining, 

I  st.  The  times  of  the  periodic  revolutions  of  cadi 
planet. 

2dly,  The  position  of  the  line  of  the  apsides,  and 
an  epocha  of  the  passage  of  the  planet  through  diat 
line. 

3dly,  The  excentriclty,  and  thence  the  proportioo 
of  the  axes  of  the  orbit. 

4thly,  The  position  of  the  line  of  the  nodes. 

5thly,  The  inclination  of  the  orbit  to  the  ecliptic' 

6thly,  The  relation  of  the  principal  axis  of  each 
orbit  to  that  of  the  earth^s,  or  the  relation  of  their 
mean  distances,  and  thence  the  absolute  dimessioiit 
of  each  orbit. 

These  particulars  are  determined,  according  Co^ 
best  methods  now  known,  in  the  problems  which  oil- 
mediately  follow. 
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327*  Prob,  L  To  determine  the  time  of  apla?iet'^ 
peri^pdicai  reootution. 

The  periodic  time  of  a  planet  may  be  determined 
cither  by  means  of  observations  upon  it  when  in  one 
of  its  nodes ;  or  by  knowing  the  place  and  time  when 
it  is  in  oppoidon  to  the  sim,  if  it  be  a  superiour 
planet,  or  in  conjunction,  if  it  be  inferiour.  As  the 
methods  depending  upon  the  oppositions  and  con- 
junctions arc  best  in  practice,  it  becomes  requisite  to 
shew  how  to  determine  when  a  planet  is  in  either  of 
these  situations. 

j'i>  •  The  latitude  and  longitude  of  a  planet  may 
be  found  by  observing  its  situation  with  respect  to 
known  fixed  stars  (Art,  igo.  191.)  :  and  by  compar- 
ing the  longitudes  deduced  from  such  observations, 
with  the  longitude  of  the  sun,  either  determined 
by  the  right  ascensions  and  declinations  (Art.  66.),  or 
taiken  from  the  Nautical  Almanac^  or  other  Epitc- 
mert^y  the  time  when  the  longitudes  are  the  same,  or 
when  they  differ  180%  may  be  discovered.  But  if 
there  are  opportunities  of  finding  the  longitude  and 
latitude,  by  the  passage  of  the  planet  over  the  meri- 
dian,  such  opportunities  furnish  us  with  a  method 
which  is  more  accurate.  The  time  of  the  planet's 
culminating  being  carefully  taken,  its  longitude  may 
be  known  by  finding  the  longitude  of  the  culminat- 
ing point  of  the  ecliptic  (^ Art.  1 60.)  at  that  instant : 
for  the  longitude  of  the  planet,  and  of  that  point  of 
the  ecliptic  which  culminates  with  it,  are  manifestly 
the  same.  Then,  if  it  be  a  superiour  planet,  to  as- 
cert2un  the  time  of  opposition,  choose  a  day  when 
the  difference  of  the  longitudes  of  the  sun  and  planet 
is  nearly  1 80^,  and  on  that  day,  knowing  the  sun's 
longitude  at  noon,  find  by  proportion,  or  by  observa- 
tion, the  longitude  at  the  exact  instant  (i)  when  the 
planet  was  on  the  meridian.  Now  in  opposition,  th« 
planet's  apparent  motion  is  retrograde  (Art.  254.)  ; 
and  consequently,  the  difference  between  the  longi- 
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tudes  of  the  planet  and  sun  increases  by  the  sum  of 
their  motions.     Hence,  subtract  the  sun's  longitude 
from  that  of  the  planet  at  the  instant  (ij ,  to  get  the 
difference  (dj  of  longitudes,  estimated  according  to 
ihe  order  of  the  signs,  and  say,  as  the    sum  of  the 
daily  motions  in  longitude  :  the  difference  betweeii 
1 80**  and  d  ;  :  24  hours  ;  the  interval  between  the 
the  time  i  and  the  time  of  opposition.     Thi3  interval 
must  either  be  added  to,  or  subtracted  from^  /,  ac- 
cording as  ^  is  greater  or  less  than  1 80^,  and  the  time 
of  opposition  is  obtained.     As  to  the  conjunction  of 
inferiour  planets,    it    must  be   found   by  ineans  of 
neighbouring  fixed  stars,  as  first  explained,   unlesi 
their  elongation  at  the  time  of  conjunction  be  suiGci* 
cntly  great  to  render  them  visible. 

32,9.  Thus  much  being  premised,  we  may  find  the 
periodic  time  of  a  superiour  planet  in  this  manner : 
observe  when  the  planet  is  in  opposition  to  the  suOj 
also  when  it  is  next  in  opposition,  and  note  its  place 
at  both  times  ;  for  in  these  situations  the  heliocentric 
and  geocentric  longitudes  are  the  same.  (Art.  260.) 
Then  will  be  known  the  arch  the  planet  describes  in 
the  interval  between  the  two  observations ;  and  it  will 
be,  as  that  arch  ;  the  Xih^lc  circumjtraice  :  :  the 
tivie  elapsed  :  the  periodic  time  nearly  ;  but  this  can 
only  be  exact,  on  the  supposition  that  the  orbits  arc 
circular, 

330.  For  an  inferiour  planet,  two  observatiooi 
might  be  made  when  the  planet  was  stationary: 
and  in  the  interval  it  would  have  described  its  whole 
orbit,  together  with  an  arch  or  angle,  equal  to  that 
which  the  earth  h^is  described  in  the  same  interval, 
Then  it  will  be,  as  the  whole  cijxumjerence  +  that 
angle  :  ihe  time  elapsed ;  :  3G(P  :  the  periodic  titnt^ 
jiearlij. 

33 1  f  The  methods  given  in  the  two  last  articles 
will  give  us  the  periodic  time  only  so  far  correct  as 
the  rpption  in  th^  orbit  is  equable ;  but  th)s  approzii 
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viation  will  be  of  considerable  service,  as  it  will  en- 
able us  to  tell  nearly  the  number  of  a  planet's  revolu- 
tions in  a  given  interval.  Then  to  know  the  periodic 
time  correctly,  two  observations  must  be  chosen, 
which  were  made  at  the  most  distant  times  possible, 
when  the  planet  was  found  in  the  same  position  rela- 
tively to  some  fixed  stars,  and  at  the  same  time  in  op- 
position or  conjunction  with  the  sun,  according  as  it 
is  a  superiour  or  inferiour  planet.  The  intervening 
time  between  these  observations,  being  divided  by  the 
number  of  the  planet's  revolutions,  will  give  the  time 
of  the  periodic  revolution  respectively  to  the  fixed 
stars.  And  as  the  motions  of  the  planets  are  usually 
reckoned  from  the  first  point  of  aries,  the  periodic  re- 
volution with  respect  to  the  stars  may  be  reduced  to 
the  revolution  relatively  to  that  point,  by  saying,  as 
360^:  the  rtxolution  Jound  I  :  the  precession  of  the 
equinoxes  during  the  i^evolution  :  a  fourth  term 
which  must  be  deducted,  to  obtain  the  revolution 
with  respect  to  aries.  If  the  revolution,  as  thus  de- 
termined, is  not  thought  sufficiently  accurate,  it  may 
be  corrected  after  the  other  elements  of  the  planets 
are  determined,  by  allowing  for  the  difference  between 
the  equations  0/  the  centre,  at  the  two  observations; 
but  this  will  very  seldom  make  any  material  differ- 
ence« 

3S2.  For  an  example,  we  shall  find  the  revolution 
of  the  planet  Mars.  On  Apiil  21,  171 5,  at  11', 
this  planet  was  in  opposition  in  "I  i^  9'  30"^.  On 
June  II,  17179  the  opposition  happened  at  g^M  i'"in 
i  20^  17^  15^'.  Now  in  this  time,  which  was  two 
yeais  (one  a  bissextile)  and  20^  22**  11"*,  mars  had 
made  one  revolution,  and  49®  27'  45^^^  over;  hence 
from  these  obcervations  we  get  an  approximation  to  a 
revolution,  by  saying,  360^  +  49^  27'  4^  :  360^  :  : 
781^  22^»  ii"*  :  687-^  11^  15^",  the  time  of  a  re- 
volution. From  the  observations  of  Ploleini/,  it  ap- 
pcar$,  that  mars  wa«  in  opposition  on  December  1 3, 
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at  11*^  48'  at  Paris,  130  years  after  the  christian  sen^ 
in  ^  21*^  22'  50^  In  1709,  January  4,  at  5'  48^, 
mars  ^as  in  opposition  in  25  14^  18'  25^,  Th< 
interval  between  these  observations  was  1578^  11* 
^8  ;  and  allowing  for  the  bissextiles,  &c«  we  get 
086^  22**  16"",  for  the  time  of  a  tropical  revoliu 
don.  To  obtain  the  sidereal  revolution,  say,  as  the 
mean  daily  motion  of  the  planet ;  the  precession  of 
the  euuinojces  in  the  time  of  a  tropical  revolution  :  v 
one  day  :  a  number  of  days^  which  added  to  the  tro» 
pical  revolution,  will  give  the  sidereal. 

S'62.  After  nearly  similar  methods,  the  tropical 
and  sidereal  revolutions  of  all  the  planets  ha^ve  been 
ascertained,  and  are  very  nearly  as  below : 


Planets, 

Tropical  Revolutions. 

Sidereal  Revolutioni. 

Mercury  .... 
Venus      .... 
Mars       .... 
Jupiter    .     .     .     ^ 
Saturn     .     .    •     • 
Georgium  Siclus 

d.     h.    III.      s. 
87   23    14*327 

d.      b.     rn.      t. 

87  ^3  15  43*^ 

224   16  41    275 

224  16  49  10*6 

686  22  18  274 

686  23  30  35-6 

4330  14  39     2 

4332  14  27  10-8 

10746  19  16  155 

10759     I  51  ira 

30637     4  

30737   18  

From  a  comparison  of  the  most  ancient,  with  the 
modern  observations,  there  is  some  reason  to  con- 
clude, that  the  time  of  Jupiter's  revolution  is  decreas? 
ing,  and  that  of  saturn  increasing,  each  very  slowly* 

3:^4,  Before  we  quit  this  problem,  it  may  be  ne- 
cessary to  say  a  few  words,  respecting  what  are  called 
the  annual  and  secular  motions  of  the  planets.  If 
N  (fig.  4,  PI.  IV;)  be  the  mean  place  of  a  planet  in  its 
orbit,  at  any  given  instant,  and  at  the  end  of  a  year 
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from  that  instant  the  mean  place  of  the  planet  be  at 
V,  then  (rejecting  the  number  of  complete  revolu- 
tions which  the  planet  vdll  have  perfoimed  if  it  be  in- 
fcriour)  N  V,  reckoning  according  to  the  order  of 
the  signs,  will  be  the  mean  annual  motion  of  the 
planet.  Or  if,  at  a  given  instant,  the  mean  place  of 
a  planet  be  at  .\ ,  and  at  the  end  of  i  oo  years,  be- 
sides a  certain  number  of  complete  revolutions,  the 
planet  be  advanced  to  D  or  to  V,  then  N  D  or  N  V 
will  be  the  mean  secular  motion.  The  times  of  re- 
volution of  the  planets  bein^  known,  the  mean  an- 
nual motions  may  be  nearly  found  by  this  proportion, 
a-s  the  time  oj  the  planefs  recolution  :  2>^$  daifs  :  : 
360"  :  to  a  certain  number  of  degrees^  which  after 
rejecting  360*^,  or  as  many  times  360^  as  this  fourth 
number  contains,  leaves  the  mean  annual  motion. 
^  The  mean  secular  motion  may  be  nearly  determined 
by  rtiaking  the  number  of  days  in  a  century  (allow- 
ing for  the  bissextiles » the  second  term  in  the  propor- 
tion. Htnce,  if  to  the  mean  place  of  a  planet  at 
the  beginning  of  any  year,  the  mean  annual  motion 
be  added,  the  sum  (rejecting  360*,  if  need  be)  give* 
the  mean  place  at  the  beginning  of  the  next  year :  if 
the  year  be  a  bissextile,  the  mean  motion  for  a  day 
must  also  be  added.  In  a  similar  manner,  the  mean 
place  at  the  end  of  100  years  may  be  found. 

335.  Prob.  II.  lo  aetcrmine  the  position  of  the 
line  of  the  apsides j  and  the  epocha  oj  the  passage  of 
a  planet  through  that  line. 

In  order  to  find  these  particulars,  we  must  first  be 
able  to  reduce  such  observations  as  are  made  upon  a 
planet  from  the  earth,  to  those  which  would  have  been 
observed  from  the  sun  at  the  same  times ;  the  method 
of  performing  this,  may  be  thus  explained  :  In  fig  5, 
PI.  IV.  let  S  be  the  place  of  the  sun,  R  the  earth's 
place  in  its  orbit  R  E  e^  when  the  planet's  place  re» 
duced  to  the  ecliptic  is  y;,  and  if  A  be  the  first  point 
of  aries,  S  R  /?  will  be  measured  by  t^e  difference  be- 
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tween  the  geocentric  longitudes  of  the  sun  and  planet. 
When  the  planet  has  gone  through  a  complete  revo- 
lution, and  is  again  at  P,  or  at  p  reduced  to  the  eclip- 
tic, let   the  place  of  the  earth  be  E,  and  the  angle 
y;  E  S  will  be  the  observed  difference  of  geocentric 
longitudes.     Then,  the  theory  of  the  earth  being  es- 
tablished, S  R,  S  E,  are  known^  and  the  angle  £  S  R ; 
U'hence  the  side  E  R,  and  the  angles  SE  R,  S  RE, 
are  readily  determined.     Also  in  the  triangle  />  E  R 
are  known  E  R  and  the  angles  (for  />  E  R  —/?  E  S— 
SER,  and E  R/;i=SR/>  —  E  RS),  whence  E/), 
R  /),  become  known.     And  in  the  triangle  /^  S  R,  the 
sides  J)  R,  R  S,  and   the   included   angle  S  R  //,  are 
known ;  from  which  may  be  found   S  p  the  curtate 
distance  (Art,  293.)  of   the  planet,    and   the   angle 
R  S  /;,  which  is  the  difference  between  A  S  R  the  he- 
liocentric longitude  of  the  earth,  and  A  S  />  that  of 
the  planet ;  whence  A  S  />  becomes  known.     Or,  in  a 
similar  manner,   AS/?  might  be  found  by  the  tri- 
angle S  E  /;.     Then,  if  the  geocentric  latitude  P  E  ^ 
of  the  planet  be  observed,  which  may  easily  be  done 
by  means  of  its  right  ascension  and  (kciination ;  wc 
ftiall    have     tang.    P  E  /;  :  radius  :  :  P/>  :  E  p; 
also  rad.  :  tang.  F  S  p  :  :  p  S  :  P  p ;  therefore,  tang. 
VE p  :  tang.  V  S  p  :  :  p  S  :  E  p  :  :  sine  S  E  p  :  sine 
E  Sp ;  that  is,  as  the  imc  of  cUm^j^aUon  in  longitudCytd 
the  sine   oj  the  diijc react  of  heliocentric  io//gitudts^ 
so   is  the  targcjit  of  the  geoeentrie  latitude^  to  the 
tangent  of  the  lieliocentric  latitude.     Again,  in  the 
triangle  P  S  /^  as  sine  S  P  /;  :  sine  S  /;  P,  or  radius  : : 
S  /;  :  S  P  ;  that  is,  as  the  a -sine  of  the  planei\s  helio- 
centric  latitude    to  radius^   so  is  the  curtate  du* 
tunce  to  the  phinefs  distance  from  the  sun. 

:^30.  If  the  situation  of  the  line  of  the  apsides  be 
nearly  known,  find  by  means  of  observations  reduced 
to  the  sun,  as  just  explained,  the  points  in  the  orbit 
diametrically  opposite ;  in  which  points  the  planet 
is  found  at  intervals  equal  to  half  its  revolution.  If. 
the  anomalistic  revolution  were  exactly  known  (which  it 
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cannot  be,  until  the  motion  of  the  aphelion  is  ascer- 
tained), this  method  would  be  strictly  accurate  ;  or, 
at  least,  might  be  easily  corrected  to  any  required  de- 
gree of  accurac}\ 

3S7.  Oi*,  the  place  of  the  aphelion  being  nearly 
known,  observe  the  places  of  the  planet,  and  reduce 
them  to  the  sun,  at  about  the  distance  of  two  signs 
before  the  aphelion  ;  do  the  same,  for  a  few  days,  at 
nearly  the  same  distance  after  the  aphelion,  and  ob- 
serve the  times  and  places  when  the  apparent  motion 
of  the  planet  is  the  same  :  then,  as  in  Art.  3 1 4.,  the 
times  and  places  of  the  planet  at  B  ^d  C  (fig.  15, 
PI.  III.)  are  known ;  whence  the  position  of  A  the 
aphelion,  bisecting  B  C,  is  found ;  and  the  midway 
between  the  times  is  the  epocha  required. 

33?<#  But  the  following  method  appears  preferable 
to  either  of  the  former,  in  point  of  accuracy  :  Find 
three  places  of  the  planet  suiEciently  distant  f  i  om  each 
Other,  and  determine  their  heliocentric  places,  and 
distances  from  the  sun,  as  shewn  in  Art.  335.  Then, 
by  the  method  given  in  Art.  3 10.,  find  the  position  of 
the  line  of  the  apsides ;  and,  knowing  the  position, 
continue  the  observations  upon  the  planet  till  the  ex- 
act instant  when  it  is  in  that  situation,  and  the  epocha 
will  be  determined.  When  the  excentricity  and 
greatest  equation  are  known,  the  position,  as  found 
by  this  'method,  may  be  corrected  by  La  Landt^s 
method,  explained  in  Art.  3 1 7.  Or,  from  the  same 
data,  the  place  of  the  perihelion  may  be  found  hy  a 
theorem,  the  investigation  of  which  was  given  by  E. 
Frosperin^  in  vol.  III.  Nova  Acta  lieu,  Soc.  Sc'u 
Upsalknsls :  thus,  let  AC  (fig.  i,  PI.  IV.)  =  i, 
S  G  z:  ^^  S  H  =  A,  S Q^iz  c,  /  G  S  H  z=  7,  G  S (^ 
zz  7/,  A  S  G  —  .?',  C  S  z;  r,  the  excentricity  ;  and 
fealf  the   parameter  zr  r:  then,  as  is  demonstrated 

by  the  writers   on  conies,  a  =  -, — ,   b  z: 

^  I  +  ^  CO  sine  a* 

-7- : —    I    ,  andcz:  — ; : —        i;  wherc^ 
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fore  r  zz  a  +  ae.co  sine  i  zzh  +  b  e.  co-slne  t  +  jf 

rr  c  +  c  e.  co-^ne  ^  +  ^  i  whence,   by   reduciioni 
6— « 


Substitute  in  this  equation,  for  co-sine    +  u',and  co-iino 

jf  -f-  .r,  the  expressions  co-sine  r.  co-sine  j  —  sine  tv 
sine  J*,  and  co-sine^*  co-sinea  —sine  ^.sine  u ,  and  there 

^  b  —  a  

atises 


a,  co-sine  x  ^^  b,  co-sine  v«  co-sine  x  +  b.  sine  v.  sinex 

f  —  a 


a  co-sine  x  —  c.  co-sine  y.  co-sme  x  -|-  c.  sine  y.  sine  x  * 

denominator    divided    by    co-sine    .?,     gives 

A— 41  C— fl 


each 


« — 6.co-sinetr  +  b  sinev.  tan.x      a — c.co-sinc^+  r.  sine^. tan.** 

From  this  equati(/n,  after  a  little  i  eduction,  we  get 

^^^     ^   b  —  r  —  ff.  co-sine  p  —  c.6  —  a.  co-sine  v —  a.  c-»4 

tan*  »i'  m  ■  '  » — : — I — • —  — — ^  »^  > 

b.  V  •—  a.  sine  v  —  c.  6  —  i/ .  sine  jf 

which  determines  the  place  of  the  perihelion. 

S35U  In  some  cases,  instead  of  making  three  dis- 
tances from  the  sun,  and  the  angles  between  them, 
the  basis  of  the  operations  ;  it  may  be  more  conv^ 
nient  to  find  three  heliocentric  places,  and  the  inter- 
vening times :  when  this  is  done,  the  calculations 
must  be  conducted  in  the  manner  pointed  out  in 
Art.  306.,  and  the  place  of  the  aphelion  will  be  as- 
certained. 

3M\  The  mutual  attraction  of  the  planets  and  sa- 
tellites upon  each  other,  causes  a  very  minute  mo- 
tion in  the  places  of  their  aphelia  ;  to  determine  the 
quantity  of  such  motion,  we  mu^t  know  the  exact 
instants  of  two  passages  of  a  planet  through  its  aphe* 
Hon,  observed  at  the  most  distant  times  possible: 
then,  dividing  the  interval  between  those  two  pas- 
sages, by  the  number  of  revolutions  of  the  planet 
relative  to  the  stars ;  if  the  quotient  be  less  than  the 
periodic  time,  the  motion  of  the  aphelion  is  retiv- 
grade ;  if  it  be  greater,  the  motion  will  be  direct. 
And  the  difference  between  the  quotient  and  periodic 
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time,  reduced  into  modon^  will  be  the  motion 
of  the  apsides.  Or,  if  the  difference  between  the 
place  of  the  aphelion,  as  determined  m^y  years  ago, 
and  as  ascertained  lately,  be  taken ;  the  quotient  of 
that  difference,  divided  by  the  number  of  years,  or 
the  number  of  centuries,  will  be  the  annual,  or  the 
secular  motion  required. 

341.  According  to  the  most .  accurate  observa* 
tions,  ancient  and  modem,  the  places  of  the  aphelia 
are  found ;  and  their  motions  in  longitude  having 
the  secular  precession  of  the  equinoxes  deducted,  are 
all  found  to  be  direct. 

l^he  result  of  the  whole  is  stated  in  the  following 
table : 


PUneti. 

PLceof  Apbeliajan. 
1800. 

S«cttUff  MotiM  Apb . 

Mercuiy        .     .     . 
Veaus      «... 

Man 

Jupiter     .... 
Saturn      .    •    •    . 
Gcorgium  Sidus 

8«  14«  %d  50" 

'*  33'  45" 

10      7    59      I 

I      21       0 

5      a   24     4 

1     51     40 

6    II      8   20 

'    34  3.? 

8    29     4    II 

I    50     7 

11    16   30  31 

I    29     2 

345.  Prob.  hi.  To  find  the  edxentric'ityj  and 
greatest  equatw)fj  of  a  planet's  orbit. 

In  the  solution  of  this  problem,  we  may  either 
first  determine  the  euxentricitj/j  and  thence  the 
greatest  cguatio?i ;  or,  first  ascertain  the  greatest 
equation^  and  thence  deduce  the  cvcentricify.  If  we 
first  find  the  excentricity,  we  may  do  it  by  means 
of  three  relative  distances  of  the  planet  from  the  sun, 
and  the  angles  between  them,  as  we  determined  the 
position  of  the  apsides  (Art.  338.)  ;  for  by  calculat- 
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ing,  agreeably  to  the  directions  in  Art.  310.,  8  0| 
twice  the  excentricity  becomes  known,  and  cons^ 
quently  the  excentricity  itself.  Or,  if  we  adopt 
the  method  of  Frih^perlv^  .v  being  found  as  ill 
Art.  338.,  we  substitute  its  value  in  the  equation  e  ± 

b  —  a ^  c  —  a 

II.  co-sine  J" — b,  co-sine  r  -f  r  "~  a,  co-sinc  x — e.  oo*8Uie  5—* 

and  thence  obtain  e  the  excentricity ;  also,  i  +  ^, 
and  I  —  i\  the  perihelion  and  aphelion  distances* 
Now,  to  discover  the  greatest  equation,  having  C  S 
and  C  (^,  or  *G  S  (fig.  4,  PI.  IV.),  we  find  G  C  ib 
relative  terms ;  and  then,  knowing  the  proportions 
of  the  axes,  we  proceed  as  directed  in  the  322d  ar- 
ticle. 

343.  But  it  is  frequently  better  to  determine  the 
greatest  equation  from  observation,  and  to  deduce 
the  excentricity  from  it :  for  the  unavoidable  errors  la 
observing  will  less  affect  the  excentricity  by  this  me- 
thod, than  by  any  other.     To  determine  the  greatest 
equation  by  observation,  the  times  must  be  ascertained 
when  the  planet  is   in   the  two   points  of  its  orbilf 
where  its  distance  from  the  sun  is  a  mean  proportional 
between  the  two  semi-axes  fArt.  312.);  this  maybe 
readily  done,  since  the  mean  and  actual  velocities  in 
the  orbit  are  then  equal.     The  mean  motion  will  be 
found  for   any  given  time,  by  saying,  as  the  time 
of*  a  iXTolution  :  360^  :  :  the  given  time  :  its  ow- 
responding  lucnn  motion.     Then,  to  know  the  true 
angular  velocity  for  a  very  short  time,  observe  at 
nearly  equal  intervals,  as  day  by  day,  &c.  three  or 
four  positions  of  the  planet,  so   that  the  differences 
between  each  successive  observation  shall  not  exceed 
8^  or  9^  :  these  successive  differences  should  then  be 
interpolated,  consistently  with  the  rules  of  the  tf/- 
Jerentiiil  iwuhod^  and  thus  the  corresponding  moti(»iB 
will  be  found  for  shorter  intervals  of  time,  and  the 
errours  of  observation,  by  being  distributed  into  t 
great  aunjiber  of  parts,  become  nearly  insensible  :  o& 
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iKrhich  account  interpolations  are  applied  with  singular 
advantage  to  most  astronomical  observations.  Find- 
ing, by  this  kind  of  process,  the  times  when  the  mean 
and  real  motions  correspond,  and  the  planet's  places 
at  those  times,  the  wca?i  motion  for  the  intervening 
period  may  be  determined,  and  the  difference  of  the 
places  is  the  true  motion ;  half  the  difference  between 
these  motions  will  be  the  greatest  equation. 

Ex,  M.  de  la  Cai/tcj  from  a  series  of  observations 
on  the  planet  mercury  in  1740,  calculated  the  greatest 
equation  of  its  orbit  in  the  following  manner  :—  the 
mean  daily  velocity  was  found  to  be  4°  5'  ^li^.    The 
differences  between   the  observations   on  the   13th, 
14th,  15th,  and  1 6th  of  July,  were  4''  14'  33^,  4*^  6' 
aS'^,  3**  58'  44^'^ ;  by  interpolating  these  differences,  he 
found  the  instants  between  which  the  real  motion  in 
24 hours  corresponded  with  the  mean,  to  be  July  14th 
at  2^  49™,  and  July  15th  at  2^  49™  ;  therefore,  on 
July  14th  at  14*"  49™  mercury's  distance  from  the  sun 
was  a  mean  proportional  between  the  semi-axes,  and 
the  equation  of  the  centre  was  a  madimum.      By 
interpolating  mercury's  true  places  on  the  !4th,  15th, 
and  1 6th  of  July,  his  true  place    on  July  r4th  at 
14I1 49m  ^as  found  in  5^  22°  57'  27^     In  like  man- 
ner, by  interpolating  the  differences  between  the  ob- 
icnrarions  of  the  3d,  4th,  5th,  and  6th  of  September, 
and  mercury's  true  places  on  the  3d,  4th,  and  5th, 
the  time  of  the  greatest  equation  was  found,  Sept.  3d, 
at  22^  I4iin,  and  the  planet's  true  place  11*4^  49' 
'0^.    The  difference  of  the  true  places  is  5*  11®  51' 
43^  miercury's  actual  motion  ;  and  the  mean  motion, 
Jn  the  intervening  period  of  ^2"^  y^  25 4^,  is  6*  29® 
58'  33^      Half  the   difference  between   these   two 
motions  is  24®  3^  25'^,  mercury's  greatest  equation. 
^mni  from  other  observations  deduced  24°  2'  58^ 
for  the  greatest  equation  ;  Dr.  H alley  makes  it  23^ 
42'  36'' ;  and  M.  at  la  Lande^  23^  40'. 
344,  The  greatest  equation  being  known,  the  ex- 


224      ExcentricUies  and  greatest  Equations^ 

cexitricity  may  be  nearly  found  by  this  analogy ;  ai  • 
57^  I  f  44}^  :  halj  the  greatest  equation  :  :  radius  : 
the  eccentricity  ;  for  in  orbits  nearly  circular,  the 
place  of  the  planet,  at  the  time  of  greatest  equation, 
will  be  very  near  an  extremity  of  the  conjugate  axis ; 
consequently,  S  T  is  almost  coincident  with  S  C,  and 
nearly  equal  to  it,  and  DCN  +  SNC   is  nearly 
equal  to  2  D  C  N ;  that  is,  the  difFeretice  between  the 
true  and  mean  anomalies  will  be  nearly  equal  to 
2  D  N,  or  a  S  T,  or  2  S  C.    In  orbits  of  great  excen« 
tridty  SC  (fig.  4,  PI.  IV. )»  when  thus  found,  may 
be  corrected,  by  computing  the  greatest  equation  to 
this  value  of  it    and  then  using  this  analogy,  as  tkt 
computed  equation  :  the  approximate  esreniricity  : : 
fj^ix^en  greatest  equat'on  :  the  excen^riciti/.      Should 
this  be  thought  not  sufficiently  correct,  the  greatest 
equation  may  be  computed  to  this  also,  and  die  am- 
logy  repeated^ 

S  ^o.  The  excentricities  and  greatest  equations,  at 
determined  by  M.  de  ta  Lande^  are  given  below. 


Planets. 

Excentricities. 
Mean  dist.  looooo. 

Great.  Equations. 

Mercury       .     .     .     , 

Venus 

Mars 

Jupiter 

Saturn 

|0<»orgium  Sidus     •     . 

7955-4 

23**  40     0* 

498- 

0    47    00 

141837 

TO    40    40 

ajoi3-3 

5     30    38 

53640-42 

6    a6   4a 

(;o8o4* 

S    27    t^   ^ 

In  consequence  of  the  mutual  attractions  of  the 
planets,  the  excentricities  and  greatest  equations  are 
subject  to  a  variation ;  it  is  therefore  necessary,  at 
the  end  of  a  few  years,  to  institute  another-  set  of 
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obfiervatlonsy  from  which  these  particulars  may  be 
dgain  ascertained. 

346.  Prob.  IV.  To  find  the  position  of  the  line  of 
the  nodes  of  a  planefs  orbit. 

To  determine  the  place  of  either  of  a  planet's 
nodes,  and,  consequently,  the  position  of  the  line  of 
the  nodes,  various  methods  have  been  invented  by 
astronomers:  a  few  of  these  are  here  inserted. 
\st  Method.  When  a  planet  is  in  one  of  its  nodes,  it 
has  no  latitude ;  therefore,  either  by  means  of  obser- 
vations for  the  right  ascension  and  declination,  or 
from  the  position  of  the  planet  with  respect  to  known 
fixed  stars,  find  its  place  when  it  has  no  latitude  ;  this 
place,  reduced  to  that  which  would  have  been  seen 
from  the  sun  (Art.  335. )>  gives  the  place  of  the 
node.  This  method,  when  it  can  be  applied,  is  the 
most  simple. 

347*  2dAIethod.  Find  when  the  heliocentric  latitude 
on  one  side  of  the  node  is  equal  to  any  certain  number 
of  degrees,  &c. ;  then,  after  the  planet  has  passed  the 
node,  observe  when  the  heliocentric  latitude  is  equal 
to  the  former,  but  of  a  contrary  name  :  the  middle 
point  between   the   heliocentric   longitudes,    at   the 
times  of  the  observations,  is  the  place  of  the  node. 
Or,   if  the  heliocentric  longitudes   of  a  planet  be 
observed  at  two  distant  times,  when  the  latitudes  are 
both  equal,  and  of  the  same  kind,  the  middle  point 
between  these  longitudes  will  be  90^  from  the  nodes. 
348.  3^/  Method.  Observe  the  time  and  place  of  a 
conjunction  or  opposition  of  a  planet  with  the  sun, 
when  the  latitude  of  the  planet  is  but  small ;  then 
determine,  by  observation,  the  time  when  the  planet 
has  no  latitude,  and  calculate,  by  the  theory  of  ihe 
planet  (determined  in  the  preceding  problems  \  the 
true  arc  which  the  planet  has  run  through  in  iis 
orbit^  between  the  time  of  its  opposition  or  coniunc- 
tion,  and  that  of  its  passage  through  the  node  ;  this 
arci  added  to^  or  subtracted  from,  the  place  wherem 
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the  conjuncrion  or  opposition  was  observed,  will  gite 
the  node's  true  place. 

349.  4^A  Method.  Find  the  heliocentric  latitudes 
and  longitudes  of  the  phnec  just  before  and  after  it 
has  passed  the  node,  and  say,  as  the  sum  of'  the  two 
latitudes  :  the  difference  of  longitudes  : :  either  lati^ 
tude  :  the  distance  of  the  node  from  the  longitude 
corresponding  to  that  latitude.  This  rule  is  on  the 
supposition  that  the  portions  of  the  orbit,  and  of  the 
orbit  reduced  to  the  ecliptic,  contained  between  the 
two  observations,  differ  not  sensibly  from  right  lines ; 
for,  on  this  hypothesis,  let  P  and  Q^  (fig.  6,  PI.  IV.) 
be  the  two  places  of  the  planet  in  its  orbit,  p  and  q 
the  places  reduced  to  the  ecliptic,  and  N  the  node; 
then,  by  reason  of  the  similarity  of  the  triangles 
NP/>,NQ^y,  we  haveP/>-f  Qj'P^'  :Pp:»N:: 
Qjl :  y  N.  But  if  the  difference  of  longitudes  snould 
exceed  two  or  three  degrees,  the  conclusion  deduced 
by  this  rule  will  not  be  sufficiently  accurate ;  how- 
ever, PN/>  and  QJ^  (/  may  then  be  considered  as 
similar  spherical  triangles^  and  we  shall  have  tang* 

N  9\no  pfj  X  tang.  P;; 

-«         ""^  tang.  Q  ^  -f  cos.jKj  X  tan.  P/^* 

350.  5M  Method.  The  place  of  the  line  of  thfe 

nodes  may  be  found  by  two  observations,  when  the 

planet  is  in  the  same  node.     In  figs.  7,  8,  adapted  to 

the  two  cases  of  a  superiour  and  an  inferiour  phnet, 

let  the  places  of  the  earth  in  its  orbit  be  E  and  ^1 

when  the  planet  is  observed  in  the  same  nodeP; 

then,  by  means  of  the  observations,  the  time  elapsed 

between  them,  and  the  theory  of  the  earth,  we  know 

in  the  triangle  E  S  c,  the  angle  E  S  f,  and  the  sides 

S  E,  S  Cj  whence  E  r,  and  the  angles  S  E  e,  S  e  E, 

become  known;  and  the  angles  SEP,  SeP,  bang 

determined  by  observation,  we  shall  have  the  angles 

PEr,  P.  F:    therefore,   in  the  triangle  PcE  the 

angles  and  ;!:c  side  E  c  are  known,  to  find  PE,  or  Pe» 

the  planet's  distance  from  tlie  eardi  at  either  obstrrt* 
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tion.  Lastly,  in  the  triangle  P  E  S  we  have  the  sides 
P  K,  E  S,  and  the  angle  PES,  from  which  the  dis- 
tance,  S  P,  of  the  sun  from  the  planet  in  the  node  may- 
be found,  and  the  angle  ESP  determining  the  position 
of  the  line  of  the  nodes  ;  or,  from  the  triangle  P  j  S, 
we  could,  having  similar  data,  determine  S  P  and  the 
angle  e  S  P.  And  if  the  position  of  the  line  of  the 
nodes,  thus  ascertained,  be  compared  with  the  position 
as  found  by  the  observations  of  the  ancients,  the 
motion  of  the  nodes  may  be  determined. 

S5  I .  The  longitudes  of  the  ascending  nodes,  and 
their  secular  motions,  in  respect  of  the  equinoxes^  are, 
according  to  the  most  cardful  observations,  as  stated 
below: 


Planets. 

Long.  Q  1750. 

Secular  Motion. 

Mercury      .    •    •     . 

Venus 

Mars      •    •    •     •     . 

Jupiter 

Satum   •    .     .    .    . 
Georgium  Sldus   .     . 

i»  15**  ao'  43'' 

1°  12'  10' 

2    14   26   18 

.51    40 

I    17    38   38 

46    40 

3      7    S5   .32 

59   3^ 

3    21    32   22 

ss  30 

2    12    471111788 

I    44   .M 

352.  Prob.  V.  To  find  the  Indinatmi  of  a  plane  fs 
orbit  to  the  plane  of  the  ecliptic. 

1st  Method,  The  place  of  either  of  a  planet's 
nodes  being  found  by  the  last  problem,  begin  to  make 
a  series  of  observations  on  the  planet  when  it  is  near 
90^  from  the  node  ;  deduce  from  these  observations 
the  heliocentric  latitudes,  and  let  them  be  continued 
till  the  latitudes  diminish  sensibly ;  then  the  greatest 
of  these  latitudes  wiU  be  equal  to  the  inclination  of 
the  orbit. 
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iS53.  2d  Method.  Or  the  inclination  of  a  plsc* 
net's  orbit  may  be  found  in  a  nearly  similar  man* 
ner  to  that  by  which  we  determined  the  obliquity  of 
the  ecliptic  (Art.  37.).  Thus  the  place  of  a  node 
being  known,  from  an  accurate  observation,  find  the 
heliocentric  longitude  and  latitude  at  a  considerable 
distance  from  it ;  then,  in  fig*  9,  PL  I.  supposing  E  Q 
to  represent  a  portion  of  the  ecliptic,  V^  S  a  portion  ot 
the  planet's  orbit ;  the  planet  being  in  S,  we  have  E  (^ 
the  longitude  from  the  node,  Q^S  the  latitude,  in  the 
right-angled  triangle  E Q^ ;  hence,  as  sine  E Q: 
tang.  S  Q^: :  radius  :  tang.  Q^E  S,  the  inclination  oF 
the  orbit.  In  this  method  the  farther  the  observations 
are  made  from  the  node,  the  more  accurate  the  con- 
clusion will  be. 

354.  3^  Method.  If  the  sun  and  the  place  of  a 
planet's  node  are  found  in  the  same  point  of  the  eclip- 
tic, at  the  time  that  the  geocentric  longitudes  of  the 
sun  and  planet  differ  three  signs,  or  90® ;  then,  the 
earth  behig  in  the  intersection  of  the  planes  of  the 
ecliptic  and  the  planet's  orbit,  the  plane  of  the  angle 
formed  at  the  observer's  eye,  between  two  lines,  one 
passing  to  the  planet,  the  other  to  its  projection  on 
the  ecliptic,  is  perpendicular  to  this  intersection  ;  and, 
consequently,  the  angle  thus  formed  at  the  observer's 
eye,  is  equal  to  the  inclination  of  the  planet's  orbit  to 
the  ecliptic. 

^!y^.  ^th  Method.  Hence  we  may  deduce  another 
method,  as  follows  :  Let  N  S  E  (fig.  1 1,  PI.  IV.}  be 
the  line  of  a  planet's  nodes,  S  the  sun,  E  the  earth, 
P  the  planet's  place  in  its  orbit ;  then  P  L  being  drawn 
perpendicular  to  the  plane  of  the  ecliptic,  and  PR 
perpendicular  to  the  line  of  the  nodes,  PEL  will  be 
the  geocentric  latitude,  P  R  L  the  inclination  of  the 
plane  of  the  orbit  to  the  ecliptic,  and  R  E  L  the  dif- 
ference between  the  longitudes  of  the  sun  and  planet, 
or  the  planet's  elongation  from  the  sun.  Now,  in 
the  right-angled  triangle  R  £  L  we  have  radius  ;  £L 
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: :  ^e  R  E  L :  R  L ;  also,  in  the  right-angled  triangle 
P  £  Ly  radius  :  E  L  : :  tang.  P  E  L  :  P  L ;  hence,  R  L 
: P L:  :  sine  R  E L  :  tang.  PEL,  But,  in  the  right- 
angled  triangle  P  R  L  we  have  R  L  :  P  L  :  :  radius  : 
tang.  P  R  L ;  consequently,  sine  R  E  L  :  tang.  PEL 
: :  radius  :  tang.  P  R  L.  Therefore,  observe  very 
carefully  the  longitude  and  latitude  of  the  planet  when 
the  sun  passes  through  its  node,  and  use  this  analogy, 
as  the  sine  of  the  observed  elongation  oj  the  piuiivt 
from  the  stm  :  the  tangent  of  its  geocentric  latitude 
:  :  radius  :  the  tangatt  of  the  inclhuttion  of'  the 
orbit, 

356.  The  inclination  of  the  planets'  orbits,  as  well 
as  the  places  of  the  nodes  and  aphelia,  the  excentri- 
city,  &c.  are  subject  to  a  variation  arising  from  a  simi* 
lar  cause,  the  mutual  attractions  of  the  planets : 
these  variations  have  not  been  accurately  determined 
from  observations,  but  RL  de  la  Grange  has,  by 
theory,  found  them  to  be  as  follows,  for  1 00  years  : 
Saturn —  23^'Mi,  jupiter —  27^''*i9,  mars  +  3^*45, 
venus  +  A^'^y,  mercury  +  20^*43 .  ^^^  inclinations 
of  the  orbits  to  the  ecliptic  are,  according  to  the 
determination  of  M.  de  la  Lande  for  the  year  1780, 
mercury  7%  venus  3^  23^  35'''',  mars  1°  51',  jupiter 
1®  18'  56^,  saturn  oP  29'  50^,  and  georgium  sidus 
46'  20''. 

357*  Prob.  VL  To  determine  the  absolute  dimeii- 
^ions  oj  the  planet's  orbits. 

In  order  to  find  the  absolute  dimensions  of  the 
orbits  of  all  the  planets,  it  is  necessary  to  have  an 
accurate  estimate  of  the  dimensions  of  one  of  those 
orbits ;  aiid,  as  the  nature  and  magnitude  of  the 
earth's  orbit  are  known  pretty  nea;ly,  we  are  thus 
furnished  with  data  which  will  enable  us  to  ascertain 
the  orbits  of  the  other  planets.  Now,  by  the  method, 
described  in  Art.  335.  we  may,  from  two  successive 
observations  on  a  planet  when  in  the  same  point  of 
its  orbit,  determine  its  distance  from  the  sun,  either 
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in  terms  of  the  earth's  distance  at  each  observation^ 
Qt  in  absolute  terms,  as  in  English  miles,  for  instance  ; 
and  the  distance  of  the  planet's  place  from  the  line  of 
the  apsides  being  found  by  some  of  the  preceding 
articles,  the  proportion  of  the  axes  being  known,  we 
have  given,  from  the  theory  of  the  planet  (by  Art# 
318.  320.),  the  proportion  of  S  P  to  AQ^or  S  G  ; 
whence,  S  P  being  known  in  absolute  terms,  wc 
know  S  G  also.  Or,  the  absolute  distance  of  the 
sun  from  the  planet,  when  in  one  of  its  nodes,  may 
be  found  by  Art.  350.  and  thence,  the  theory  of  the 
planet  being  established,  the  actual  length  of  either 
axis  of  its  orbit. 

358.  Or  the  distance  of  any  planet  from  the  sun 
may  be  determined  by  a  single  observation,  in  a  man- 
ner which  may  be  thus  explained:  in  figs.  9,  10^ 
PI.  IV.  suiting  the  respective  cases  of  a  superiour 
and  inferiour  planet,  let  the  line  of  the  nodes  be  N  S, 
and  let  the  planet  P  be  observed  from  the  earth  T, 
with  the  apparent  latitude  P  T  B.  Let  the  plane  of 
the  apparent  latitude  be  produced  till  it  cuts  the  plane 
of  the  planet's  orbit  in  PN,  and  the  plane  of  the 
ecliptic  in  B  N.  From  P  demit  P  B  perpendicularly 
on  N  B,  and  from  T  erect  TO  also  perpendicular  to 
NB,  which,  because  the  plane  of  the  latitude  PNB 
is  perpendicular  to  the  ecliptic,  will  be  perpendicular 
•o  the  plane  of  the  ecliptic  also.  From  T  let  fell  T  E 
perpendicular  to  N  S,  and  join  O  E,  which  is  like* 
wise  perpendicular  to  N  S  ;  and  the  angle  GET 
will  be  equal  to  the  inclination  of  the  planes  of  the 
ecliptic  and  of  the  planet's  orbit.  In  the  triangle 
T  S  N  are  given  S  T  and  angle  T  S  X,  by  the  theory 
of  the  earth  and  the  know  n  place  of  the  node ;  and  by 
observation  the  angle  N  T  S,  the  elongation  of  the 
planet  from  the  suii  computed  in  the  echptic),  or  its 
supplement;  therefore  TN,  N  S,  and  TNS,  will 
become  known.  .  In  the  right-angled  triangle  T  F.  N, 
T  N  and  T  N  £  are  given,  and  consequently  T  £« 
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In  the  triangle  O  T  E,  right-angled  at  T,  there  are 
known  T  E,  and  T  E  O,  the  inchnation  of  the  planet's 
orbit  (found  by  the  last  problem),  whence  O  T 
becomes  known.  In  the  triangle  O  T  N,  O  T  and 
T  N  are  known,  and  the  right  angle  T,  whence  we 
find  O  N  T.  In  the  triangle  P  N  T,  we  know  N  T, 
T  N  P,  and  P  T  N,  the  apparent  latitude  of  the  planet^ 
•  or  its  supplement ;  hence  P  N  will  be  known,  and, 
if  required,  P  T  the  planet's  distance  from  the  earth. 
In  the  triangle  N  PB  we  know  N  P,  the  angle  P  N  B, 
and  the  right-»angle  N  B  P,  whence  P  B  and  N  B  will 
be  found.  Then  in  the  triangle  B  N  S,  N  B,  and 
N  S,  with  the  angle  B  N  S  being  given,  N  S  B  the 
heliocentric  longitude  of  the  planet  from  its  node^ 
and  the  side  S  B,  will  be  known.  Lastly,  in  the  tri- 
angle PBS,  right-angled  at  B,  we  know  PB  and 
B  S  ;  from  which  we  find  P  S  B  the  planet's  helio- 
centric latitude,  and  P  S  its  distance  from  the  sun. 

:J.59. ,  The  distance  of  a  superiour  planet  having  a 
satellite  may  be  neariy  determined,  as  in  the  follow- 
ing instance  for  jupiter.  Let  S  (fig.  i,  PI.  V.)  be 
the  sun,  E  the  earth,  I  jupiter :  first  observe  the 
Instant  in  which  the  satellite  R  disappears  behind 
jupiter,  and  the  instant  in  which  it  again  appears^ 
then  dividing  the  intermediate  time  into  two  equd 
parts,  we  have  the  instant  in  which  the  earth  E,  jupi- 
ter I,  and  the  satellite  R,  are  in  one  right  line  £  I D. 
Next  observe  the  instant  in  which  the  satellite  disap« 
pears  behind  the  shadow  of  jupiter,  and  the  instant  in 
which  it  again  appears  (Art.  496.),  and  divide  the 
time  between  these  two  instants  into  two  equal  parts^ 
to  find  the  instant  in  which  the  satellite  is  in  the  midst 
of  the  shadow  ;  that  is,  in  which  the  sun,  jupiter,  and 
satellite,  are  in  a  right  line  SIR;  hence,  the  time 
taken  up  in  passing  from  D  to  R  is  known  :  and  if 
the  time  {t)  oi  the  entire  revolution  of  the  satellite 
|?e  known,  we  have  /  :  360°  :  :  the  time  occupied  in 
Ms$ing  frqm  D  to  R  ;  t^e  arc  D  R  nearl}r.,    Thu& 
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the  arc  D  R,  and  the  angles  R I D,  E I S,  arc  found. 
Lastly,  find  by  observation  the  angle  lES  of  jupiter*s 
elongation  from  the  sun  ;  then,  two  angles  of  the 
triangle  E  1  S  being  known,  the  third  is  known  like- 
wise. But  the  side  ES,  the  earth's  distance  from 
the  sun  at  the  time  of  observation,  is  known  by  the 
earth's  theory  ;  consequently,  as  sine  E  I S  :  £  S  :  : 
sine  I E  S  :  I  S  the  distance  of  iupiter  from  the  sun. 
The  distance,  E  I,  of  jupiter  from  the  earth  nught 
readily  be  found,  by  means  of  the  same  triangle. 

:j6*0.  According  to  one  or  other  of  these  methodi 
the  real  magnitudes  of  the  planets*  orbits  may  be 
determined,  and  the  mean  distances  (or  half  the 
major  axes),  as  deduced  by  these  means,  when  com- 
pared with  those  calculated  by  Kepler's  fameus  ana- 
logy (Art.  209.)  between  the  squares  of  the  periodical 
times,  and  the  cubes  of  the  mean  distances,  are  found 
to  correspond  as  accurately  as  can  possibly  be  ex- 
pected, when  the  unavoidable  errours  in  observing 
are  taken  into  consideration.  The  same  results  very 
nearly  being  deduced  from  operations  in  great  mea- 
sure, and,  in  some  instances,  altogether  independent 
on  each  other,  is  a  strong  confirmation  of  the  truth 
of  the  Copcrnican  System^  with  the  improvements  of 
Kepler  and  Nccvton  ;  and  when,  in  addition  to  this, 
it  is  remarked,  that  the  places  and  motions  of  the 
planets,  as  calculated  from  the  theory  of  them,  which 
is  now  adopted,  are  found  to  agree,  we  may  almost 
say  with  ainidcvjul  minuteness,  with  the  places 
actually  observed,  the  whole  demands  so  forcibly  the 
assent  of  the  mind  to  this  system,  that  we  think  such 
assent  can  scarcely  be  withholden  by  any  who  have 
the  least  pretension  to  soundness  of  judgment  and 
freedom  from  prejudice. 

The  mean  distances  of  the  planets  from  the  sun 
are,  in  round  numbers,  nearly  as  follows  :  mercury, 
'T^'j  millions  of  miles  ;  venus,  68  millions  ;  the  earth, 
^^  millions,  as  before  stated;  mars,  144  millions} 
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jupiter,  490  millions;  saturn,  900  millions;  and 
georgium  sidus,  1 800  millions.  Or,  if  these  distances 
be  required  more  accurately,  the  mean  distance  of  the 
earth  being  known,  they  may  be  found  by  the  fol- 
lowing numbers,  which  have  the  same  relation  as  the 
respective  mean  distances,  38710,  72333,  100000, 
'523695  520279,  954072,  and  1908352. 

361.  Prob.  VII.  lo  td'plam  the  process  in  calcu- 
lating  the  longitude^  latitude^  and  other  requisites j  of 
a  planet  seen  from  the  smij  and  from  the  earthy  for 
a  given  instant. 

As  it  may  be  useful  to  throw  together  in  one  view 
a  general  exposition  of  the  process  used  in  calculating 
the  planet's  plac«s,  we  lay  before  the  reader,  in  the 
following  fifteen  articles,  the  rules  given  by  M.  de  la 
Caille  for  this  purpose. 

362.  Rule  I.  Reduce  the  given  time  to  mean 
time  (Art.  ii7.)* 

36  *J.  II.  Take  the  interval  between  the  given  in- 
Btant  reduced  to  mean  time,  and  the  instant  of  the 
epocha  of  the  earth's  preceding  passage  through  its 
aphelion  :  then  say,  as  the  time  of  the  earth*s  whole 
revolution,  is  to  the  interval  found ;  so  are  360^,  to 
the  earth's  mean  anomaly. 

S64.  III.  Reduce  the  mean  anomaly  to  the  true 
anomaly  Art.  321.),  which,  added  to  the  earth's  true 
aphelion  place,  gives  the  earth's  true  heliocentric 
place  in  some  point  of  its  orbit,  as  in  T  (figs.  12,  13, 
PI.  IV.),  or  reduced  to  the  heavens  in  H  ;  so  that  the 
earth's  longitude  will  be  the  arc  <r  D  H  of  the 
ecliptic. 

365.  IV.  Adding  six  signs,  or  1 80^,  to  the  earth's 
true  place,  we  have  the  true  place  of  the  sun  seen 
from  the  earth  at  the  point  O  of  the  ecliptic,  so  that 
the  sun's  geocentric  longitude  will  be  the  arc  of  the 
ecliptic  r  D  H  N  O. 

366.  V.  Compute  (Art.  3^1.)  the  distance  ST  of 
the  sun  from  the  earth. 
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567.  VI.  For  the  planet,  say,  as  the  time  of  its 
annual  revolutinn,  is  to  the  interval  of  time  between 
the  instant  given  and  the  epocha  of  its  preceding 
passage  through  the  aphelion ;  so  are  360%  to  the 
planet's  mean  anomaly. 

368.  VII.  Reduce  the  mean  anomaly  to  the  true 
anomaly,  and  add  it  to  the  place  of  the  planet's  aphe- 
Hon,  the  sum  is  the  planet's  true  place  as  seen  from 
the  sun,  either  at  P  in  the  orbit,  or  p  in  the  heavens ; 
so  that  the  planet's  heliocentric  longitude  in  its  orbit 
is  the  arc  <r  D  /?. 

369.  Vin.  Calculate  the  distance  S  P  of  the  planet 
from  the  sun,  and  reduce  the  distances  ST,  S P,  to 
one  measure,  such  as  that  of  >vhich  the  earth's  mean 
distance  from  the  sun  contains  100000  equal  parts* 

37<^  IX.  The  heliocentric  longitude  «r  D  of  the 
ascending  node,  taken  from  r  D /)  the  heliocentric 
longitude  of  the  planet  in  its  orbit,  leaves  D^  the 
argument  of  latitude.  ^^ 

37  I .  X.  Say,  as  radius,  to  the  sine  of  the  inclination 
of  the  planet's  orbit;  so  is  the  sine  of  the  argument  of 
latitude  D  p,  to  the  sine  of  the  heliocentric  latitude  p  L 

37i^  XL  Reduce  the  argument  of  latitude  Up  to 
D  /  the  true  distance  from  the  place  of  the  node  to 
the  point  whereon  the  place  of  tlie  planet  is  projected, 
bythis  analogy,  as  radius,  to  the  co-sine  of  the  inclina*. 
tion  of  the  orbit;  so  is  the  tangent  of  the  argument  of 
latitude  D/?,  to  the  tangent  of  the  reduced  distance 

HI. 

fi73.  XII.  The  distance  D  /,  added  to  the  longitude 
«r  D  of  the  ascending  node,  gives  t  D  /  the  helio- 
centric longitude  of  the  planet. 

374.  XIII.  Reduce  S  P  the  distance  found  (Art. 
369.)  to  S  L  the  curtate  distance,  by  computing  the 
side  S  L  of  the  rcctiline  triangle  S  P  L,  whereof  SP- 
is  the  hypothenusc,  and  the  angle  P  S  L  equal  to  the 
planet's  latitude :  thus,  as  radius,  to  the  co-sine  of  the 
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planet's  latitude  seen  from  the  sun ;  so  is  the  distance 
SPy  to  the  curtate  distance  S  L* 

375.  XIV,  Take  the  diflFerence  between  v  D  H 
the  heliocentric  longitude  of  the  earth,  and  ^  D  L 
the  reduced  heliocentric  longitude  of  the  planet ;  and 
in  the  right-lined  triangle  S  L  T  there  are  given  the 
angle  T  S  L,  with  the  including  sides  T  S,  S  L  ;  cal- 
culate the  angle  S  T  M  or  O  T  M  between  O  the 
place  of  the  sun  seen  from  the  earth,  and  Vl  the  place 
of  the  planet  seen  from  the  earth,  and  the  geocentric 
longitude  y  D  M  of  the  planet,  and  even  its  distance 
T  P  or  T  L,  may  be  easily  found* 

376.  XV.  Lastly,  say,  as  the  sine  of  the  angle  TS  L 
at  the  sun,  to  the  sine  of  the  angle  L  T  S  at  the  eartii ; 
so  is  the  tangent  of  the*  heliocentric  latitude  P  S  L,  to 
the  tangent  of  the  geocentric  latitude  P  T  L. 

All  the  foregoing  rules  are  either  evident  conse- 
quences of  what  has  been  previously  demonstrated,  or 
are  readily  deduced  -by  an  application  of  the  princi-^ 
pies  of  plane  and  spherical  trigonometry,  to  the 
respective  triangles  in  the  figures  referred  to. 

377.  These  calculations  being  very  tedious,  and 
requiring  a  considerable  portion  of  care  and  patience 
to  perform  them  accurately,  astronomers  have  con- 
structed tables,  by  the  assistance  of  which  much  of 
this  labour  is  saved,  and  the  place  of  a  planet  found 
with  comparatively  little  trouble.  It  is  unnecessary 
to  explain  the  different  methods  which  are  re- 
sorted  to,  in  order  to  facilitate  the  computation  of 
Such  tables  ;  nor  is  it  necessary  to  give  precepts  for 
the  use  of  them  when  computed,  since  they  are  gene- 
rally accompanied  by  proper  directions.  The  tables 
of  the  planets  which  appear  to  be  most  useful,  are : 
the  mean  motions  in  current  years  ;  the  mean  mo- 
dons  in  Julian  years  ;  the  mean  motions  in  months ; 
the  mean  motions  in  days ;  and  the  same  in  hours, 
minutes,  and  seconds :  the  equations  of  the  centre 
|o  different  degrees  of  mean  anomaly  ;  the  logarithms 
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of  the  distances  from  the  sun  to  different  degrees  of 
mean  anomaly ;  thfe  inclination  of  the  orbit,  its 
reduction  to  the  ecliptic  ;  and  the  logarithm  of  cur- 
tation,  calculated  to  the  differences  between  the  helio- 
centric longitude,  and  the  longitude  of  the  ascending 
node.  A  very  useful  set  of  tables  of  this  kind,  toge* 
ther  with  tables  of  the  mean  motions  of  the  sun  smd 
moon,  and  some  proper  subsidiary  ones,  arc  given  in 
small  compass  by  Mr.  Alexander  Exving^  at  the  end 
of  his  Practical  Astronomy.  It  is,  however,  to  be 
lamented,  that  a  complete  and  extensive  set  of  tables^ 
agreeably  to  the  late  improvements  in  the  science,  is 
still  a  (lesideraliiw. 

3/8.  Scholium.  It  would  be  unpardonable  to 
close  a  chapter  on  the  determination  of  the  orbits  of 
the  planets,  without  taking  specific  notice  of  a  disco- 
very  which  does  so  much  honour  to  the  present  age ; 
we  allude  to  that  of  the  Georgian  Planet,  or 
UuANius,  by  Dr.  Herschel,  a  gentleman  whose  cha- 
racter for  persevering  diligence  and  skill  will  ever 
rank  highly  in  the  annals  of  science.  It  is  needless 
to  enter  into  the  history  of  this  brilliant  discovery ; 
but,  :is  it  led  to  various  investigations  and  calculations 
by  different  astronomers,  to  determine  the  elements 
of  this  planet's  orbit,  and  as  an  account  of  some  one 
of  these  methods  may  tend  to  illustrate  different  pro- 
blems in  this  and  the  preceding  chapters,  a  concise 
description  of  the  investigation  pursued  by  Mr.  Rob'h 
son^  professor  of  natural  philosophy  in  the  university 
of  Edinburgh,  is  here  added.  Mr.  llohison  founded 
his  investigation  upon  observations  of  the  times  of 
five  successive  oppositions,  the  first  happening  on 
Dec.  21,  1781,  and  the  last  on  Jan.  8,  1786;  for, 
from  the  heliocentric  longitudes  and  latitudes  at  those 
times  he  determined  the  place  of  the  node,  and  the 
inclination  of  the  orbit ;  and  thence  he  found  the 
arcs  described  in  the  orbit  between  the  respective 
oppositions.     Then  he  took  the  time  of  the  third 
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opposition,  which  was  Dec.  31,  1783,  as  an  epocha 
to  which  the  other  observations  were  to  be  reduced, 
and  fixing  upon  four  equad  intervals  of  time,  two 
before  and  two  after  this  epocha,  he  calculated  the 
planet's  places  in  its  orbit  for  the  terms  of  these  inter- 
vals; but,  upon  comparing  their  diflferences,  found 
that  there  were  some  irregularities  inconsistent  with 
the  motion  of  a  body  in  an  ellipsis :  these  he  natu- 
rally ascribed  to  some  inaccuracy  in  the  observations, 
and  as  they  might  lead  to  great  errours  in  ascertain- 
ing the  elements  of  the  orbit,  he  thought  it  necessary 
to  apply  a  correction.     This  was  done  very  inge- 
niously, by  finding,  as  nearly  as  circumstances  would 
admit  of,  the  part  of  the  orbit  in  which  the  planet 
was  at  the  times  of  the  observations,  and  then  by  de- 
termining the  law  followed  by  the  first  and  second 
differences  of  the  angles  described  in  equal  times  by 
other  planets  in  similar  parts  of  their  orbits,  which  it 
was  fair  to  conclude  would  be  the  law  of  the  differ- 
ences of  the  new  planet.    Now  he  found  that  in  simi- 
lar parts  of  the  other  planets'  orbits,  in  equal  intervals 
of  time  the  first  differences  decreased  very  slowly,  and 
the  second  differences   increased   very   slowly ;    he 
therefore  gave  to  the  first  differences  of  the  new 
planet's   motions   a    small  diminution,    and    to   the 
second  a  minute  increase,  and  this  without  altering 
any   of  the  longitudes  more  than  3''',  which  must 
be  allowed  to  be  within  probable  limits.      In  this 
manner  he  obtained  the  times  corresponding  to  the 
above-mentioned  equal  intervals,  with  their  corrected 
longitudes,  and  thence  deduced  four  intercepted  arcs, 
with  their  first  and  second  differences ;  from  which 
he  thus  constructed  the  orbit  :— 

379.  Let  ACP  (fig.  14,  PI.  IV.)  be  the  orbit,  P 
the  perihelion,  S  the  focus.  A,  B,  C,  D,  E,  the  places 
of  the  planet  at  the  five  oppositions ;  and  suppose  the 
chords  and  radii  drawn.  Now^  if  we  conceive  the 
chords  A  C,  C  E,  to  be  bisected  by  the  radii  S  B,  S  D, 
in  X  and  g,  t^W  by  Euc»  I.  38.  the  triangle  A  S  .r  :=; 
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C  S  T,  and  the  triangle  B  t  C  =:  B  j?  A ;  and  in  pfxv 

portion  as  the  ellipsis  approaches  to  a  circle,  Sjt 
becomes  nearer  a  perpendicular  to  C  A ;  conse* 
quently,  the  chords  B  C,  B  A,  and  the  twosegments^ 
will  be  very  nearly  equal ;  and  these  segments  being 
extremely  small  compared  mth  the  triangles  G  S  B, 
AS  B,  the  sectors  C  S  13,  A  S  B,  will  be  very  nearly 
•equal ;  whence  the  times  from  A  to  B,  and  from  B  to 
C,  may  be  considered  as  equal,  without  any  materisd 
crrour,  and  therefore  B  will  be  the  place  of  the 
planet  at  the  second  observation.  In  like  mann^  k 
may  be  shewn  that  D  will  be  the  place  at  the  fourth 
observation.  Let  the  given  angles  be  denoted  thus : 
AS  B  by  2/,  BSC  by  r,  CSD  by  .r,  DSE  byy, 
A  S E  by  xcy  and  C  S  E  by  z\  then  AS  :  A  ^  : :  sine 
A»r  S  :  sine  u  ;  also  C  .r  or  A .r  :  C  S  : :  sine  v  :  nae 
C  X  S,  or  A  X  S  ;  hence,  AS:  C  S  : :  sine  v  :  »ne  u. 
In  a  similar  way  it  may  be  proved,  that  E  S  :  C  S  : : 
«ine  s  :  sine  y.  Hence  we  know  the  ratio  of  AS, 
C  S,  and  E  S,  and  the  angles  between  them  ;  conse- 
quently, the  species  and  position  of  the  ellipsis  may  be 
found  as  in  Articles  310.  or  338.  342. 

380.  Although  the  errour  arising  from  considering 
the  chords  as  bisected,  fs  so  very  minute  that  it 
might  safely  be  neglected  ;  yet,  as  the  greatest  accu- 
racy is  always  desirable  in  mathematical  enquiries^ 
Mr.  Robisou  has  given  the  following  method  of  cor- 
rection :  Bisect  A  E  in  F,  A  C  in  H,  C  E  in  G,  wd 
draw  S  H  /;,  S  F  r,  S  G  d,  OF  /r,  O  G  t ,  O  being  the 
centre  of  the  ellipsis.  Since  the  angles  k  Or,  r  S  d^ 
are  very  small,  the  triangles  cF/*,  clG  r,  are  nearly 
similar;  and  c  F,  d  G,  being  considered  as  versed  sines, 
they  will  be  very  nearly  as  the  squares  of  the  chords; 
hence  the  area  cY  k  \  dG  v  :  :  c*  F^  :  ^  G*  :  :  A  E  : 
C  E\  Now  by  the  property  of  the  ellipsis,  the  area 
E  F  Zr  =z  A  /»  F,  also  E  F  S  iz  A  F  S  ;  consequently, 
SFA'E  =  A/FS;  add  Ykc  to  each,  and  ScE  = 
A  /  F  S  +  Y  kc  =  S  c  A,  +  2  F  A  c  ;  therefore 
ScE  —  ScA=:2FAc:butasSCE«SCA, 
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therefore  ScE  —  ScA=  aSCr,  and  of  course 
F  Z'c  =  S  C  c.  For  similar  reasons,  dG  v  =  SJi  d  ; 
but  since  S  D,  S  C,  are  nearly  equal,  C  c  :  D  £/ :  : 
area  S  C  c  ;  S  D  rf :  :  F  A-  c  :  rf  G  r  :  :  A  E*  : 
C  E  \  And  as  the  arcs  A  C,  C  E,  are  very  nearly 
equal,  therefore  f  F  =  C  r,  and  G  g*  =  D  </,  very 
nearly ;  also  A  E  :  C  E  :  :  2  :  1,  very  nearly;  and 
consequently  ^  F  :  G,^  :  :  16  :  i  nearly.  And  in 
the  same  way  it  might  be  shewn  that  /  F  :  H  x  :  : 
16  :  I. 
Now,  C  S  :  C  ^  :  :  sme  g  :  sine  x 

CgiE'g  :  :  C  /:  E  g 
Also,   E  0^ ;  E  S  :  ;  sine  y  :  sine  g 
.•.    CS:ES::C^X  fiine^  :  E  ^  X  sine  t. 
Let      C  S  :  e  S  :  :  sine  j/  :  sine  jt 
Then  ES:eS::C^:E^ 
and      ES  :  E  e  :  :  E^:  C^ — E^::E^:2  G^. 
In  like  manner  make  C  S  :  a  S  :  :  sine  zc  :  sine  r, 
then  A  S  :  A  flr  :  :  A  .r  :  2  .r  H  :  :  E  o^ :  2  G  ^,  and 
3Ee:Atf::ES:AS  nearly;  but  E  S  =  A  S  nearly, 
hence  E  e  =  A  ^  nearly. 

Assume  A  S  :  S  o  :  :  sine  z  :  sine  zo 

but     S  E  :  A  S  :  :  E  /  X  sine  w  :  At  X  sine  z 
.  • .     S  E  :  S  0  :  :  E  ^  :  A  /. 
And       SE:Eo  :  lEtiAt—Etzi  KtiitY 
nearly 
or      SE:Eo  :  :  2Eg':32^G::E^:i6 

G  g  nearly 
but     Ee:Se::  2G  g  i  :E  g 
hence    E  0  =  8  E  e  nearly. 

Make  A  S  :  S  /  :  :  sine  z  :  sine  w:  then  aS  :Si: : 
AS  :  S  0,  and  A  a  :  io  i  :  A  S  :  S  E  .  •  .  /  (>  'zi  Aa 
or  E  e  nearly,  and  e  /  =  6  E  e  nearly. 

Hence,  for  approximating  to  the  true  ratios  of  A  S 
and  G  S  to  C  S, 

Make     C  S  :  a  S  :  :  sine  w  :  sine  v 
C  S  :  e  S  :  :  sine  y  :  sine  t 
€  S  :  rS  :  :  sine  w  :  sine  z 
aS  :  iS  '  :  sine  z  :  siiie w 
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celestial  phenomenon  is  an  intermediate  planet  between  the  erbiQ^ 
of  mars  and  jupirer,  and  appears  as  a  star  of  the  eighth  magni^ 
tilde,  being  probably  aboui  the  size  of  the  moon.  Its  distance 
from  the  sun  is  about  z\  times  that  of  ihe  earth,  and  its  periodical 
time  nearly  fi)ur  yeart  and  two  month?*  At  the  present  time 
(August  25),  it  is  very  near  the  star  {  25  ;  and  n  ill  coon  be  in  a 

good  situation  to  be  observed •  S.u<.c  cmc  urc    of  its 

orbit  through  which  this  planet  ran  during  the  period  i'  was  ob** 
served  by  Fiazsci  was  but  small,  no  great  degree  of  a>  curacy 
can  be  expected  in  stating  the  elements  of  its  theory;  the  fuliew* 
ing,  however,  are  the  most  exact  yet  known  : 

**  Place  of  the  ascending  node        .         .     2«  20®  58'  30* 
**  Inclination  of  the  orbit     .         •         •  10    47      o 

*'  Place  of  the  aplielinm       •         .         •     ^      ^    59   37 
•'  Time  of  the  passage  through  the  aphe- 

*'  lium,  January,  1801     .         .         .       1*3.328 
"  Excentriciiy     .         .         .         .         •        0*0364 
"  Log.  of  the  greater  semi-axis     .         •       0*4106386 
**  Time  of  the  sidereal  period       .         .        4*13  years.** 
The  authour  begs  to  return  his  sincerest  thanks  to  his  learned 
and  excellent  friend  Dr.  Hutton  of  Woolwich,  for  communicatiog 
to  him  a  paper,  whence  the  above  particulars  were  extracted. 

Mr.  Machuritt^  and  other  philosophers,  expected,  nearly  ooe 
bundled  years  ago,  that  such  a  discovery  as  this  of  M. /'/Vust/'s 
would  be  made  by  some  diligent  astronomer  :  and  the  opinion 
has  been  lately  revived  by  Mr.  Capcl  Lofft^  a  gentleman  well 
known  for  his  attachment  both  to  the  sciences  and  the  muses. 
In  the  N(rw  Londcn  Rc-iit-w^  for  March,  1800,  this  gentlemaoi  • 
in  a  critique  on  the  Athenian  letters,  ventured  to  offer  some  con* 
jectures  respecting  an  intermediate  planet  between  mars  and  jo* 
piter,  the  coincidence  of  which  with  the  new  discovery  is  very 
remarkable.  He  supposed  that  the  distance  of  the  intermediate 
planet  from  the  sini,  would  be  to  thnt  of  mar?,  either  as  thirty- 
three  to  fifteen,  or  as  twenty  to  fifteen ;  the  midway  betweeii 
which,  corresponds  nearly  with  the  fact :  with  respect  to  itsdia* 
meter,  he  conceived  it  might  be  to  that  of  mars,  as  that  of  man 
to  the  diameter  of  the  earth;  and  then,  being  not  much  more 
than  half  the  diameter  of  mars,  and  at  five  limes  the  perigean 
distance,  it  would  br*  seen  from  the  earth  under  an  angle  of  %V 
or  3"  ;  while  georgium  sidus  would  appear  under  an  angle  of  V* 
Tht^e  lucky  conjectures  were  drawn  from  a  certain  kind  of 
Pythi gtrean  barmzts^  and  arc  ingeniously  defended  in  the  Review 
just  mentioned. 


(     2i3     ) 


CHAPTER  XHL 


On  the  apparent  and  real  Diameters  cf  iht  .Skt:  -:•  i 

Planets. 


Art.  383.     IT  is  obvious  from  the  prindrlet  rf 
optics^  that  the  determination  of  the  real  dsznxztn  :: 
the  heavenly  bodies   will  dqicnd  coDJoindT  en    2 
knowledge  of  their  af^nrent  diameters,  Tj^Atdiztil 
distances  from  the  earth.     For,  suppose  A  P  B    nr-  z. 
PL  V.)  a  section  of  such  body  made  by  a  pkz>e  p'^i'.^ 
ing  through  the  place  O  of  the  eye,  and  the  cer.:re 
C  of  the  body:  then  A  O  B  will  be  the  angle,  ^h:ib. 
will  measure  the  apparent  diameter  cf  the  l>:cy;  rris 
being  known,  A  O  C,  its  half,  will  be  kncwn     .^^i 
A  O  being  a  tangent  to  the  surface,  the  ang'e  C  A  O 
will  be  a  right  angle ;  whence,  co-sine  A  O  C  :  vir.e 
A  O  C  :  :  A  O  :  A  C,  the semidiameter  cf  the  b -/--.. 
Now  A(JorOC  may  be  found  bv   arrfciei    'r-r. 
359.  375. ;  or,  when  the  body  is  in  opposhioi.  cr  ex- 
junction with  the  sun,  by  taking  the  di5erer.:e,  cr 
sum  of  its  distance  from  the  sun,  and  the  earn'?  dis- 
tance from  that  luminary,  according  to  the  rc:ptc::vs: 
cases;  taking  care  to  attend  to  the  differed:  ^.ziz'.,- 
tions  required  for  a  superiour  and  inferlcur  plar.t*. 
And  as  to  the  apparent  diameters,  i:  iri2.y  be  v  ,  r*  \ 
while  to  point   out   a  few  methods  oi  ascert^:.:::^' 
them. 

1:8+.  The  sun's  vertical  or  perpendicular  disirr.erer 
may  be  found  by  two  observers  takbg,  the  one,  the 
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height  of  the  upper  edge  of  the  disc,  the  other,  that 
of  the  loWer,  at  the  same  instant.  This  is  most  con- 
veniently done  when  the  sun  is  at  or  near  the  meridi* 
an ;  because  there  is  then  no  sensible  change  in  his 
altitude  during  the  space  of  two  or  three  minutes. 
The  height  of  each  edge  must  be  corrected,  by  al- 
lowing for  parallax  and  refraction ;  and  the  apparent 
diameter  will  be  equal  to  the  difference  of  the  cor« 
rccted  altitudes  of  the  upper  and  lower  edge.  This 
method  is  very  simple,  and  gives  the  apparent  dia- 
meter, with  exactness  proportional  to  the  accuracy 
of  the  instruments  made  use  of. 

3^5.  Another  method  of  determining  the  sun's 
apparent  diameter,  is  to  observe  by  a  good  clock  the 
time  in  which  the  sun's  disc  passes  over  the  plane  of 
the  meridian,  or  some  other  hour  circle.  At,  or  very 
near,  oae  of  the  equinoxes,  when  the  sun's  apparent 
diurnal  motion  is  in  the  equator,  or  a  parallel  very 
near  it,  say^  as  the  t'nne  betxveen  the  sim^s  leaving  the 
vicridlariy  and  rt turning  to  it  again  :  360^  :  :  the 
time  in  which  he  transits  the  meridian  :  his  apparent 
semidiameter.  At  any  other  time  of  the  year,  when 
the  sun  is  in  a  parallel  at  some  distance  from  the 
equator,  his  diameter  measures  a  greater  number  of 
minutes  and  seconds  in  that  parallel,  than  it  would  do 
in  a  great  circle  (Art.  i5o.)5  and  takes  up  propor- 
tionally more  time  in  passing  over  the  meridian ;  vc 
may  then  use  this  analogy,  as  radiio: :  co-sine  of  the 
stoi's  declination  :  :  the  time  in  zohich  the  sun  tran^ 
sits  the  mvrl'i'an^  coircer ted  into  nuUlun^  at  the  rate 
of  Jour  J  inute.'j  in  lime  to  i^.  :  the  arc  of'  the  great 
circle  xchich  incc^siircs  the  sirun  apparent  horizontal 
diameter.  This  method  may  be  easily  put  in  practice 
by  two  observers ;  or  indeed  by  ono*,  if  he  have  an 
half-second  pendulum  placed  near  enough  for  him  to 
hear  the  beats  of  it,  whilst  he  observes  the  transit. 

38^*.  Or  the  sun's  apparent  diameter  may  be  mea- 
sured by  means  of  the  projection  of  his  image  ^  thus^ 
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let  the   sun's  rays   be  aclmitted  into  a  dark  room, 
through  a  circular  aperture  c  d^  the  diameter  of  which 
is  accurately  known ;  the  rays  passing  perpendicu- 
larly throi:;^h   this  orifice,  will  fall  perpendicularly 
on  a  parallel  plane  (whose  distance  i  s  from  the  for- 
mer must  also  be  known),  and  form  an  image,  the 
diameter  of  which  \&  ab  (fig.  3,  PI.  V.).     Now,  the 
diameter  c  d  being  taken  from  a  A,  leaves  r  r,  half 
of  which  is  s  r :  hence,  in  the  right-angled  triangle 
/  .V  /'  wc  know  i  s^  and  s  r,  and  from  thence  may  de- 
termine the  angle  .y  /  r,  which  will  be  equal  to  the 
apparent  semidiameter  of  the  sun.      According  to 
some  of  these  methods  the  sun's  diameter  has  been 
measured,  and  may  be  stated  at  a  mean  to  be  32^  i^* 
The  greatest  and  least  diameters  have  been  given  be- 
fore (Art.  304.). 

387.  To  determine  the  apparent  diameter  of  a 
planet,  one  way  is  to  place  between  it  and  the  eye 
a  thin  plate  of  metal  with  a  small  circular  orifice  in 
it,  at  such  a  distance  from  the  eye  that  the  entire  disc 
of  the  planet  may  appear  exactly  to  fill  the  hole ;  and 
then,  by  measuring  the  diameter  of  the  hole  and  the 
distance  of  the  plate  from  the  eye,  to  determine  by 
trigonometry  the  visual  angle  subtended  by  the  dia- 
meter  of  the  aperture,  which  will  evidently  be  tlie 
same  as  the  apparent  diameter  of  the  planet.     An- 
other  method  similar  to  this  is,  to  suspend  a  thread 
or  wire  of  known  diameter,  at  such  a  distance  from 
the  eye  that  it  may  just  hide  the  disc  of  the  planet, 
and  then,  after  measuring  the  distance  of  the  thread 
from  the  eye,  determine  trigonometrically  the  visual 
angle.    A  third  method  fc,  to  measure  the  picture  of 
a  planet  cast  through  a  telescope  upon  white  paper  in 
a  dark  room,  and  compare  it  with  that  of  the  sun  or 
moon  projected  in  the  same  manner.    But  to  men 
don  no  more  such  uncertain  methods,  the  diameters 
of  the  planets  are  best  taken  by  the  ^cromet^,  ^n 
mstrumem  so  contrived  that  two  parallel  wb 
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nets  are  known,  the  mean  densities  are  all  that  are 
required  for  the  solution  of  the  problem.     Now,  in 
homogeneous,unequal,sphericalbodie$,thegravitieson 
their  surfaces  are  as  their  diameters,  when  the  densities 
are  equal ;  or  the  gravities  are  as  the  densities,  when 
the  t)ulks  are  equal :  therefore,  ///  spheres  of  u/ia/ual 
fnagnitude  ami  daisitj/f  tfit  gravity  is  in  the  ccni^ 
pound  ratio  of  the  diameters  and  densities  ;  or  the 
dewfities  aj^e  as  thegrarif:ts  divided  hi/  the  diametcry\ 
But  Ae  diameters  are  known,  and  the  gravities  at  the 
sur&ce  are  nearly  found,  either  by  means  of  the  re- 
volutions of  the  satellites,  or  by  calculations  deduced 
from  the  effects  the  plan,  ts  are  found  to  produce  upon 
eachother;  consequently  the  lelation  of  the  densities  be- 
comes kno^vn.     The  mean  density  of  the  earth  was 
^sJoilated  by  Dr.  Jiutiohj  from  observations  made 
by  Dr.  MaAc/i//L  at  the  mouiifain  !jt  heluill'fvn  ;  he 
*^acle  it  to  that  of  water  as  9  to  2,  and  to  common 
*toiie,  as  9  to   5,  on  the  supposition  that  the  hill  is 
Only  of  the  density  of  common  stone.     He  also  states 
^*ie  mean  densities  of  the  sun  and  planets  to  that  of  wa- 
^^^^   thus:    sun,   ir>;    mercury,  9]^;   venus,  5*^5 
^^^th,    4\;  mars,  3^  ;  jupiter,    i  ,7  ;    saturn,  OyJ ; 
georgium  sidus,  o  .Vtj«     These  densities  are  such 
the  bodies  would  have  if  they  were  4.  *>mogeneal ; 
^^d  may  be  admitted  as  a  fair  estim.ate  of  the  whole, 
"^though  the  density  of  each  planet  m.ay  vary  consi- 
derably at  different  distances  from  the  surface.    From 
^lie  densities,  as  thus  estimated,  and  the  known  dia- 
'toeters,  we  may  readily  find  the  proportions  of  the 
quantities  of  matter ;  they  are  as  under :  the  sun, 
333928  ;  mercury,    1654  ;  venus,  -SSgg  ;  the  earth, 
i;    mars,   '0875;    jupiter,  3i2'i  ;    saturn,  9776} 
^eprgium  sidus,  i6*84. 
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placed  in  the  focus  of  a  telescope,  one  fixed  and  the 
•  other  moveable,  or  both  moveable,  they  may  be 
made  to  approach  or  recede  one  from  the  other  till 
they  appear  to  touch  exactly  two  opposite  points  in 
the  disc  of  the  planet,  and  then  the  index  shews  the 
apparent  diameter  in  minutes  and  seconds.  The  ap- 
parent diameters  of  the  planets  when  at  about  their 
respective  mean  distances  from  the  earth,  are  as  fol- 
low :  mercury,  i\^^  \  venus,  58'''' ;  mars,  if^\  jupiter, 
79''' J  satum,  18'''';  georgium  sidus,  2>^^  54^'^  And 
from  these  apparent  diameters,  and  the  respective  dis* 
tances  from  the  earth,  the  diameters  of  the  sun  an4 
planets  have  been  determined  in  English  miles  as 
here  stated:  mercury,  3224;  venus,  7^87;  mar$, 
4189;  jupiter,  89170;  Saturn,  79042;  georgium 
sidus,  351 12;  the  sun,  8832^6.  OLstrvationi 
upon  the  planets  herschcl,  saturn,  jupiter,  i-iiu  mars, 
prove  that  there  is  a  sensible  difference  bct'^r^n  their 
equatoreal  and  polar  c^iametcrs  ;  and  i:  s  probable 
that  there  is  a  like  difference  bet\v\..  •  r  ..  diameters 
of  ihc  other  planc^ts,  but  this  has  nut  yet  been  deter- 
mined by  observaiicn 

;:).'>^.  Sine.'  the  apparent  diameters  of  distant  bo- 
dies vary  inversely  as  their  distances,  we  may,  hav- 
ing the  distances  from  the  f.r:h  at  whieh  the  respec- 
tive planets  subtended  the  aL:n'e  an;;les,  and  know- 
ing their  mean  distances  Irom-tlie  sun,  find  tht.  meaa 
apparent  diameters,  of  all  the  planets,  as  seen  from 
the  sun  ;  they  have  been  thus  g\\ci\  .  mercury,  20'''; 
venus,  30''';  earth,  17'^;  mars-»  10'';  jupiter,  ^'j^  \ 
Saturn,    16^'  ;  georgium  siciu^,  .\". 

::i<"J/.  To  measure  tlie  quanutv  oi  matter  in  dis- 
tant  hoflics  appears  a  {problem  of  insuperable  diffi- 
cult) :  hut  this  has  been  effected  to  a  consii  rablc 
degree,  by  the  principles  of  the  Newtonian  philoso- 
phy. Since  the  quantity  of  matter  in  a  globe  is  pro- 
portional  to  the  mean  density  multiplied  into  the 
(jube.of.the  diameter,  and  the  diameters  of  the  pla-. 
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tiets  are  known,  the  mean  densities  are  all  that  are 
required  for  the  solution  of  the  problem.  Now,  in 
homogeneous,unequal,spherical  bodies,thegravities  on 
their  surfaces  are  as  their  diameters,  when  the  densities 
are  equal ;  or  the  gravities  are  as  the  densities,  when 
the  tulks  are  equal :  therefore,  in  spheres  of  imajiuit 
fnagiutude  ana  dt/isitj/^  tht  gravity  is  in  the  a  m- 
pound  ratio  of  the  diameters  and  densities ;  or  t!  c 
densities  ajx  as  the  graxi fits  diiuJtd  hi/  the  uamett  *' . 
But  the  diameters  are  known,  and  the  gravities  zi  the 
surface  are  nearlv  found,  either  bv  meaiis  ct  :he  re- 
volutions  of  the  satellites,  or  by  calculitions  CwJ^-:ed 
from  the  effects  the  plan,  ts  are  found  to  produce  upcn 
each  other;  consequently  the  i  elation  ci  thtdenii'ic?  !:c- 
comes  kno^vn.  The  mean  densiiv  of  thetarrh  .iis 
calculated  by  Dr.  Hui.tn,^  frcn  oDsenancni  riide 
by  Dr.  Maskduni  at  the  mour/ain  .^  ' .  :-.  :.t 

made  it  to  that  of  water  as  9  i.j  2,  and  i?  c  ,t:..t.zzi 
stone,  as  9  to  5,  on  the  ii^pposi-j  m  thi.:  'S.t  ':....  :• 
only  of  the  density  of  common  stone.     He  a'.::  11::. 
the  mean  densities  of  the  sun  and  pia::et.i  'o  :':,i'  .:  *  -- 
ter,  thus:    sun,  i/^;    n.erc-r.',  9.;   vt.. -•.   r*^-. 
€arth,    4^;  mars,  3;;  jupitcr,   1,-;    r^::  ,  -_:; 
and  georgium  siduij,  o.Vt:.     Thcfc  de:i5.i:;5  -rt  •... 
as  the  bodies  would  have  if  thev  wtrt     .^^:.•:c ;.-;'-:    . 
and  may  be  admitted  as  a  fair  esti.r^'e  cf  'h::  v  . 
although  the  density  of  each  pl^rjet  rji-.T  v^:-. 
derably  at  different  diiiance*  from  "s,",  i-r:<',^.    }  : 
the  densities,  as  thus  estimate::,  ^nd  :h.e  /:'.      : 
meters,  we  may  readily  {\iA  tht  fTvp/,r->,:-,     :     \> 
quantities  of  matter ;  they  arc  <.\  ^jzJ^  ^  :  '   r       ' 
333928  ;  mercur)',    1654';  vcsui,  -':  l»  ,  v  .  -^ 
1;    mars,   -0875;    jwpiter,  -;ii-i  ;    ^i.-,r:-  ^' 
geprgium  sidus,  iC'c-;. 


^  • 
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CHAPTER   XIV. 


On  the  Rotations  of  the  Sun  and  Planets^  and  the 
Inclinations  of  their  axes. 


Art.  3.90,  BESIDES  that  motion  of  the  planett 
by  which  they  move  round  the  sun  in  elliptical  orbitSy 
most  of  them,  and  from  analogy  we  conclude  all  of 
them,  have  another  motion,  which  causes  them  to 
turn  round  on  their  axes  :  this  motion  is  called  their 
rotation.  After  attentive  observations  on  the  planets, 
and  indeed  on  the  sun  also,  it .  will  be  found  that 
there  are  dark  spots  on  their  discs,  of  different  shapes 
and  sizes ;  it  will  be  seen  likewise,  that  these  spots 
change  their  apparent  places,  and  pass  from  one 
side  of  the  body  to  the  other ;  that,  after  disappear- 
ing for  a  rather  longer  time  than  they  were  visible, 
they  again  become  visible  on  the  side  where  they 
were  first  seen,  and  again  pass  over  the  disc,  as  be- 
fore ;  that  their  apparent  velocities  continue  to  in- 
crease  till  they  arrive  at  the  middle  of  the  disc,  after 
which  they  gradually  decrease,  and  are  slowest  just 
before  they  arc  hidden  from  view ;  that  these  spots 
appear  to  widen  as  they  advance  from  the  margin 
towards  ihe  middle  of  the  disc,  N^here  they  appear 
most  round  and  broad,  and  as  they  approach  the 
edge  they  become  oblong  and  slender  :  from  these 
observations  it  is  concluded,  that  the  spots  adhere  in 
some  manner  to  the  sun  and  planets,  and  that  their 
appaieut  motion  and  change  of  magnitude  are  occa« 
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sioncd  by  the  real  motion  of  the  bodies  on  which 
they  are. 

:j91.  The  physical  nature  and  cause  of  these  mo- 
tions,  or,  as  they  are  called,  diurnal  rotation.^,  will 
be  in  some  degree  evinced  from  the  following  con- 
siderations:   If  a  sphere  of  homogeneous  matter, 
placed  in  an  unresisting   medium,    receive  at  the 
same  time  one  or  several  impulses  in  the  plane  or 
the  same  great  circle,  and  in  directions  oblique  :  > 
its  surface ;  these  impulses  will  g^e  that  sphere  rar  :> 
motions,  the  one  a  uniform  routioa  aboo:  the  ijL\ 
of  that  great  circle,  which  prcscnrcs  a  cciLxanr  iL::- 
ation }  the  other,  an  equally  ociform  tranifa'fcn  in. 
the  plane  of  that  great  drdt.    For^  letEBS    z r. 
4,  PI.  V.)  be  the  plane  of  a  great  drde  ct  a  ic^ir^^* 
(which  odl  the  plafte  of  its  equator^  ,  azui  ler  A  3 
represent  the  direction  and  actioa  cf  a  pc^^er  x.  ''i::c 
plane :  it  is  manifest,  that  if  A  B  had  bees,  ri  'Ic 
direction  of  one  of  the  axes  cf  tfce  giofce.  irui  l'.::- 
sequently  perpendiculv  to  the  furace,  ie  **rii--r,  - 
that  power  would  b^  caused  the  %'ky:  -rj.  --r/* 
uniformly  in  that  direidon  ;  t^  A  b  '^izjz  -  .-n:.^ 
to  its  surface,  it  follows,  from  the  c'.:Tx/:*:i-xc.  <:  : 
resolution  of  forces,  that  iti  efcrt  zosjz  'jt 
into  two,  the  one  B  O  pcrp-enJicJar  v.  xi  i—r.-^ 
the  other  B  H  a  tangeni  th-trr-ec, :  y.  i.ic  -::  -.  - 
right  lines  BO,  B H,  h&:c<zc  i^a  - f  i  ^-i - . 
gram  H  O,  the  diagonal  of  liiidi  h  B 1  ^ 
B O  expresses  that  part  of  th.*  e£'-r:  Ah  x 
pels  the  globe  uniformly  in  tbte  rfric:i-,c  i  I_  v 
is  in  the  plane  of  the  cqua::'T   Ar:,  xC--. 
expresses  the  part  of  the  e£^,r:  A2»  ;^:  --.v; 
the  point  B  of  the  globt'i  r^^ri^t  i  '.r^'^tr- - 
cede   from  the    cemxe  C  il:-:Lr   't.:   "tiz-r"^ 
This  effort  BH,  then,  is  lit  i  u-J.-:-    ;- 
force  impelling  B  ursrkzii  xL     bjr^  >. ..  . 
connecoon  and  T€2cryjii  cf  ul  v^t  •^'~^  v 
the  point  fi  rctiam  as  isxu.  v.^ts^u.  Uiv  ^^ 


-».»: 


250  On  the  Rotations 

as  the  effort  B  H  tends  to  make  it  depart  from  it : 
therefore  the  point  B  must  turn  in  a  circular  uniform 
manner  about  the  centre  C,  or,  which  amounts  to 
the  same,  about  the  axis  pa -sing  through  C,  per- 
pendicular to  the  plane  of  E  B  N  ;  hence  the  action 
of  the  power  A  B  causes  the  globe  to  turn  uniformly 
about  its  axis  perpendicular  to  the  plane  of  the 
equator,  and  at  the  same  time  to  advance  uniformly 
in  the  direction  of  the  same  plane.  But  if  the  globe 
in  this  situation  receive  another  impulse,  expressed 
both  with  regard  to  force  and  direction  by  D  E,  in 
the  plane  of  the  same  equator  ;  this  new  force  must 
also  be  divided  into  two,  the  one  E  P  impelling  the 
globe  uniformly  in  the  direction  E  K  with  a  velocity 
expressed  by  E  P ;  the  other  E  F  tending  to  make 
the  globe  turn  uniformly  about  the  axis  of  that 
equator.  Xow,  making  C  K==EP,  and  CL  = 
B  O,  the  globe  is  urged  by  two  uniform  forces  of 
-translation,  expressed  by  C  K,  C  L  :  therefore  it  will 
move  uniform! y  throu'^h  the  dia^i^onal  C  M,  which  is 
in  the  plaiie  of  the  equator  ;  turning  at  the  same 
time  uniformly  on  the  axis  of  the  equator  with  a 
mctjon  imparled  by  the  force  EE  4-  Bll,  expressing 
t\\it  sum  of  !' l'\  BH,  because  those  forces  conspire 
U>  j  (MiL'ce  the  same  ctFect,  and  are  situated  in  the 
sa:!i('  i.i;iMicr  with  respe-ct  to  the  surface  of  the 
gK)i)(\  tJciiC'^  it  ;j;)pcars  that  the  more  oblique  the 
dire v« ion  of  the  acting  powxr  is,  that  is,  the  more 
the  aii^^le  A  B  H  exceeds  a  right  angle,  the  swifter 
is  the  nioticn  of  rotation  in  proportion  to  that  of  trans- 
lation. 

Jl/,,  It  may  be  easily  shewn,  that  the  different  im- 
pulses cf  a  central  force  acting  on  a  globe  that  already 
has  a  motion  of  rotation,  and  a  uniform  motion  of  trans- 
la  ion,  affect  only  the  latter,  in  whatsoever  plane  of 
a  great  circle  the  central  force  acts  :  thus,  if  a  globe 
PIQ^lv(fig.  5,  PI.  VJ,  while  revolving  on  its  axii 
P  C^,  should  be  impelled  by  a  central  force  in  any 
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direction  C  S  p;iosing  through  its  centre,  2P.  d  con- 
sequently perpendicular  to  its  surface,  it  is  eviJcnt 
that  its  whole  effect  on  the  two  equal  hemispheres 
1  (^K,  K  P 1,  whereon  it  acts  equally,  is  only  to  di- 
rect them  towards  the  point  S.  Therefore  that  force 
must  necessarily  accelerate  or  retard  the  motion  of 
translation,  according  as  it  conspires  with  it,  or  acts 
contrary  to  it,  and  may  continually  change  its  direc- 
tion and  cause  the  globe  to  describe  a  curve  without 
altering  the  motion  of  rotation,  which  continues  uni- 
form in  the  same  plane  about  the  same  axis  situated 
as  before.  Hence  it  appears  that  a  uniform  projectile 
force,  and  a  constant  central  force,  are  all  that  are 
necessary  to  account  for  both  the  diurnal  and  an- 
nual revolutions  of  the  planets  ;  it  also  appears,  that 
the  inequalities  of  the  annual  motions  do  not  pre- 
vent or  impede  the  uniformity  of  the  diurnal  mo- 
tions;'these  inequalities  arising  only  (Art.  281. J  from 
a  central  force  varying  inversely  as  the  squares  of  the 
distances. 

Sjj:-.  To  determine  the  periods  in  which  the  diur- 
nal rotations  of  the  sun  and  planets  are  performed, 
observations  must  be  made  upon  the  spots  on  their 
respective  surfaces  :  and  the  times  of  rotation  may 
be  found,  either  by  observing  the  arc  of  the  small 
circle  described  by  any  spot  in  a  given  time,  and  then 
by  proportion  finding  how  long  time  would  be  occu- 
pied in  describing  the  whole  circle ;  or,  by  observing 
the  return  of  a  spot  to  the  same  position  with  respect 
to  the  earth.  The  position  of  any  one  spot,  observed 
at  three  separate  times,  will  determine  the  position  of 
the  great  otless  circle  in  which  it  moves,  and  thence 
the  position  of  the  axis.  The  method  of  determining 
these  particulars  may  be  exemplified,  by  pointing  out 
the  steps  which  have  been  pursued  to  ascertain  the 
time  of  the  sun's  rotation,  and  the  inclination  of  its 
jixis.  Here,  in  the  first  place,  it  is  necessary  to  find^ 
from  the  right  ascension  and  declination  of  a  spot  on 
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the  sun,  also  the  right  ascension  and  declination  of  the 
sun*s  centre,  the  geccc^itric  Inngitiide  and  Uit'ituat  of 
the  Hpot^  and  thence  its  heliocentric  position.  To 
perform  this,  suppose  E  C  (fig.  6,  PL  V.;  to  be  the 
ecliptic,  EQ^the  equinoctial,  S  the  centre  of  th^-sun's 
disc  BD,  c  a  spot  thereon  :  then  drawing  /,  S  and  la 
secondaries  to  the  equator,  and  S  n  parallel  to  it ; 
also  letting  iall  c  n  perpendicular  to  the  ecliptic,  and 
joining  S  c',  we  know  /  o  the  observed  difference  of 
the  right  ascensions  of  tl;c  spot  and  sun's  centre,  and 
ta  the  difference  of  their  dLci.-iip.Mons  ;  and  IVom 
these  we  are  to  find  c ::  the  Lu'tude  of  the  spot,  and 
S  ':.'  the  difference  between  its  l^ngitnde  and  that  of 
the  sun's  centre.  Nov.  it  is  evident,  from  the  prin- 
ciples of  spherics,  that  S.  zz  o  i  X  co-sine  So^ 
w^herefore,  in  the  triangle  S  c  Oj  right-angled  at  a^ 
we  know  S  /  and  e  r/,  from  which  S  t  and  the  other 
angles  are  found.  Also  in  the  triangle  E  S  o^  right- 
angled  at  (\  E  o  and  u  S  are  known,  the  one  being  the 
sun's  R.  A.,  the  other  his  declination,  from  which, 
either  with  or  without  the  anr;le  S  11  '  the  obliquity 
of  the  ecliptic,  we  fr.id  the  angle  t)  S  E,  and  this  taken 
from  the  right  angl^:  l  S  ./,  leaves  u  S  a  ;  but  e&a  is 
known  from  the  triangle  S  c  r/,  consequently  eS  a  is 
known.  Therefore,  in  the  triangle  (  S  lu  right-angled 
at  //,  we  know  S  c  and  the  angle  c  S  ti'^-  from  which 
we  find  S  //,  the  difference  of  the  geocentric  longi- 
tudes, and  e  n  the  difi'erence  of  the  geocentric  lati- 
tudes ;  and  thus  may  the  position  of  a  spot  be  ascer- 
tained at  any  time,  as  seen  from  the  earth.  But  we 
must  find  the  position  as  seen  from  the  centre  of  the 
sun  ;  in  order  to  which,  let  B  /;  D  m  (fig.  7,  PI.  V.) 
be  the  projection  of  the  sun's  disc,  S  its  centre,  e  the 
spot  on  its  surface,  and  B  D  the  ecliptic  ;  then  e  /  is 
the  observed  geocentric  latitude  of  the  spot,  and  /S 
the  difi'erence  between  its  longitude  and  that  of  the 
sun's  centre,  corresponding  with  e  a  and  S  u  in  fig.  6% 
Now  the  arc  of  a  great  circle  between  S,  the  point  ou 
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the  sun's  surface  where  the  earth  is  vertical,  and  c  the 
place  of  the  spot,  is  projected  into  its  sine  S  e.  To 
find  this  arc,* suppose  E  the  place  of  the  earth,  E  />  a 
tangent  to  the  sun's  disc  ;  then  a  b  will  be  the  appa- 
rent semidiameter,  and  e  d  being  drawn  parallel  to 
lHjCd  will  be  the  apparent  distance  of  the  spot  from 
the  centre :  the  triangle  S  E  ^  is  right-angled  at  by 
consequently  the  angle  b  S  E,  or  the  arc  b  D  which 
measures  it,  is  the  complement  of  the  sun's  apparent 
sennidiameter  j  and  therefore,  ^s  a  b  the  observed 
semidiameter  :  the  sme  of  the  arc  b  D  : :  c  rf,  the 
observed  distance  of  the  spot  from  the  centre  :  the 
sine  of  the  arc  d  D ;  that  is,  the  arc  whose  sine  is  S  c. 
The  angle  e^  /  in  the  projection  is  evidently  equal  to 
that  formed  by  the  great  circles  upon  the  surface  of 
the  sun  ;  and  therefore,  as  this  angle  may  be  easily 
computed  by  the  rectiline  triangle  e  S  /,  by  adding 
mS  I  =s  90^  we  get  w  S  f ,  m  being  the  pole  of  the 
ecliptic  on  the  sun's  surface :  we  also  have  rn  S  = 
90^,  and  S  e  the  arc  found  by  the  above  analogy  ; 
whence,  knowing  two  sides  of  a  spherical  triangle 
piSe^  and  the  angle  they  include,  we  find  n?  c  the 
third  side,  and  the  angle  S  m  e  :  but  the  difference 
between  ;//  e  and  w  r  (=  90^)  is  t'  e  the  heliocentric 
latitude  of  e  ;  and  S  being  the  point  on  the  disc  to 
which  the  earth  is  vertical,  its  longitude  seen  from 
the  sun's  centre  is  the  same  as  that  of  the  earth  (i.  c. 
differing  by  six  signs  from  the  longitude  of  the  sun's 
centre  at  the  earth),  it  is  therefore  known  ;  and  being 
increased  or  lessened  by  the  angle  aS' 7;^  t*,  according 
as  /  is  to  the  east  or  west  of  S,  we  have  the  longi- 
tude  of  c  seen  from  the  sun's  centre.  After  a  simi- 
lar manner  we  may  determine  the  heliocentric  posi- 
tion of  any  spot. 

39-^*  The  heliocentric  position  of  the  same  spot 
being  known  at  three  separate  times,  we  may  from 
thenc^nd  f/ie  inclination  of  the  sun's  cuis^  or  ils 
equator^  to  the  ecliptic^  and  the  asccndij:g  node  of 
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the  ecjuator :  thus,  let  Qj;  R  \  (fig.  9,  PL  V.)  be 
the  sun*s  equatcr,  P  its  pol^,  E  S  K  the  ecliptic,  p  its 
pole  on  the  sun's  surface,  N  and  /.  the  nodes  of  the  sun's 
equator  ;  through  /  P  describe  the  great  circle  />  P  /, 
which  passing  through  the  poles  of  the  ecliptic  and 
solar  equator,  must  intersect  each  at  the  distance  of 
go^  from  either  node  N  or  n:  therefore,  when  the 
longitude  of  P  or  /  is  found,  that  of  N  or  n  becomes 
known.  Now,  by  the  method  explained  in  the  last 
article,  p^\^ ;.  N,  /y  O,  will  be  fomid  ;  as  also  M/^  N, 
N//0:  and  in  the  triangles,  P//M,  P/>N,  ?pOy 
PO,  PN,  PM,  are  equal  to  each  other,  and  Vp 
common  ;  therefore  two  sides  of  each  triangle  arc 
constant,  and  the  tliird  varies  by  a  finite  quantity, 
in  which  case  M.  Cagnaii  gives  the  following 
solution  *.  1  aking  any  two  of  these  triangles, 
P/;M,  P/;N,  he  proves  that,  sine  4  x  y> N  — pVi 
:  tang.  7  M  /;  N  :  :  sine  |  X  N  y;  +  M  /)  :  co-tan.  | 
X  PM/>  +  P  rSi  /; ;  in  like  manner,  from  the  tri- 
angles Py,  N,  P/.  O,  we  get  PN p  +  P  O//.  There- 
fore, if  we  put  L,  L',  V\  for  the  (observed  longi- 
tudes of  the  spot  at  M,  N,  O,  and  D,  D',  D^,  tor 

PM,    PN,    PC);  also  a  =  i.FM/)^-Vl^p,  b  =- 
i-PiSI/M  Pby;,    and   c  =  jl^WjT+^^lTp  j  then 

sine  V  X  D  —  D  X  rotan    i  X  L' —  L 

tang.r/  iz 


siuc  S   X  D    -f  D 


.         sine  4  X  I/'  —  J)  X  ro-lan.  '    X  L  —  L 

tang,  b  = 


sine  i   X  D^'  -r  D 


sine  4  X  J)" —  D'  X  co-lan.  A  X  17  —  U 

taniT.  C  — : ==- ; 

^  s  ne  .i  X  D"  4-  D 


Also,  tang,  t  O />  N  :  tang,  f  X  ^^JI:zlF  ^JU 
tang.  P /"O  +  t'O y> N  :  tang,  t  X  P  N  y;  +  P^Op^ 
where  all  the  terms  are  known,  except  the  third,  of 

*  See  Mr.  VInce's  Comfhte  Syxtem  of  Astronomy^  vol.  I.  p.a22« 
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which  one  part   O pN  is  L'^ — U  ;    hence  tang. 

P^b  +  t  X  L^ID  ~  tang.  ;  X  U—U  x  tang. 
c  X  co-tan  a  —  i,    which   put  =^  tang,  Xy  and  there 

arises  P/?  O  +  f  X  L"^ —  1^-'  =  i' ;  to  each  side  of  this 

equation  let  there  be  added  t  X  i^  +  L^  and  ths 

sum  gives  P/>  O  +  L^  =  .r  +  t .  I  / —  L\  the  longi- 
tude of  the  pole  P  or  of  /,  to  which  add  90"^,  the 
sum  is  the  longitude  of  the  node  N. 

To  determine  P  />,  put  P  =  the  longitude  of  the 
pole  P,  then  ?p  O  =F^U  =  S,  and  P  O  />  =  fp 
+  c  —  a^d;  consequently    the   tangent   of    half 

the  difference  of  PM  and  P»  is  '^JL^.dEj'.±!l^IEl 

^  Sine  f^S  '\-  a 

r=  tang.    7/,  and   the  tangent    of  half   the  sum  is 

tantr.  I  lY*  X  co-si nc  '  ..^  — a'         ^  ^i_ 

— = : ..        =  tanff.  z  :  then  ^  +  y  = 

co-sine  i  .S  -f  rf  °  ^ 

PM  (PM  being  greater  than  P /V  ),  and  ^  co  y  =z  P  /> 
the  arc  measuring  the  inclination  of  the  solar  equa- 
tor to  the  ecliptic.  If  .s-  be  greater  than  180^,  in- 
ftead  of  .V  use  060^  —  ,v,  and  the  same  for  <L  But  if 
d  be  less  than  go°,  then  ^ p  =  180^  —  ^  +y>  and 
PM  =  i8o^— 37^. 

3v»^.  As  it  is  difficult  to  determine  exactly  the  si- 
tuation of  the  spots,  it  is  advisable,  in  order  as  far 
as  possible  to  reduce  the  errours,  to  take  the  incli- 
nation, and  the  place  of  the  node,  at  a  mean  of  the 
results  deduced  from  a  great  number  of  observations. 
In  this  way,  the  nodes  are  found  to  be  in  2*  17^  53', 
and  8*  17^  ^'i^^  and  the  inclination  of  the  equator  to 
.the  ecliptic  7^  16^,  or  inclination  of  the  axis  to  the 
ecliptic  82°  44'.  When  the  earth  is  in  the  nodes  of 
the  sun's  equator,  which  it  is  about  the  beginning  of 
June  and  December,  it  being  then  in  its  plane,  the 
gpots  appear  to  describe  right  lines ;  but  as  the  earth 
recedes  from  the  nodes,  the  path  of  a  spot  becomes 
more  and  more  elliptical,  until  the  distance  of  the 
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earth  from  the  nodes  is  90^9  when  the  minor  axis  of 
the  ellipds  is  a  vicuimum ;  this  happens  about  the 
beginning  of  March  and  September. 

3 j6'.  The  time  of  rotation  has  been  sometimes  de- 
termined in  the  following  manner :  The  interval  of  time 
in  which  a  spot,  after  having  left  any  point  on  the  disc^ 
arrives  at  the  same  point  again,  has  on  a  mean  of 
many  observations  been  found  to  be  27**  12**  20"; 
and  in  this  interval  the  earth  was  found  to  describe 
the  angular  motion  of  26^^  22'  about  the  sim's  cen- 
tre: therefore,  as  360*^+  26^  22'  :  360^  :  :  27*  12'' 
20™  :  25^  15^*  16"*,  the  time  of  a  complete  rotation 
on  its  axis.  But  M.  Cassiniy  to  ascertain  the  time, 
proceeded  in  a  manner  somewhat  different :  he  de- 
noted the  interval  in  which  a  spot  returns  to  the  same 
situation  upon  the  sun's  disc  by  /,  the  true  motion  of 
the  earth  in  that  time  by  ?;?,  and  its  mean  moticMi 
by  n  ;  then  360'^  +  jn  :  360^  +  n  :  :  t :  the  time  of 
return,  had  the  motion  been  uniform;  this  is  set 
down  at  2y^  12-'  20"  as  above.  In  this  period  the 
earth's  mean  motion  is  27''  7'  8'^:  wherefore  360^^ 
-f-  27^  7'  8''' :  360^  :  :  27^  12*"  20'"  :  25^  14''  8=«  the 
time  of  rotation.  The  time  might  also  be  ascer- 
tained, by  finding  the  degrees  in  the  arc  M  N  O  of 
the  small  circle,  and  the  time  of  describings th'At  arc; 
then,  the  arc  MO  :  360^  :  :  time  of  describing  MO: 
the  time  of  a  revolution  about  the  axis.  But,  on 
account  of  the  difficulty  of  determining  accurately 
the  arc  M  O,  the  method  of  Ca.siini  just  before 
given  is  prjibably  more  to  be  relied  upon. 

:)97.  Respecting  the  nature  of  these  spots  on  the 
surface  of  the  sun,  many  widely  different  opinions 
have  been  entertained  :  Sc/icij/cr^  who  gave  an  ac- 
count of  them  in  his  Jio.sa  L  rsifut,  published  in 
1612,  supposed  them  to  be  bodies  of  very  irre- 
gular f.gures  revolving  about  the  sun,  very  near  to 
it.  He  has  given  a  description  of  near  2000  obser- 
vations on  these  spots,  from  which  wc  learn  that  he 
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frequently  saw  50  of  them  at  once,  yet  for  nearly 
20  years  scarcely  any  appeared.  So  that  his  theory 
18  not  very  consistent  with  his  own  statement  of  the 
hctsi  which  was  speedily  shewn  by  Galileo.  M. 
de  la  Lande  supposes  that  the  sun  is  an  opaque  body 
covered  with  liquid  fire ;  and  that  the  spots  arise 
from  the  dark  parts,  like  rocks,  which,  by  the  alter- 
nate flux  and  reflux  of  the  liquid  igneous  matter, 
are  sometimes  raised  above  the  surface.  Dr.  JVilson 
opposes  this  hypothesis,  and  gives  it  as  his  opinion 
that  the  spots  are  excavations  in  the  luminous  matter 
of  the  sun.  But  Dr.  Herschely  with  a  view  of  as- 
certaining more  accurately  the  nature  of  the  sun, 
made  frequent  observations  upon  it  from  the  year 
1779  to  the  year  1794.  He  imagines  that  the  dark 
spots  on  the  sun  are  moimtains  on  its  surface,  which, 
consideiing  the  great  attraction  exerted  by  the  sun 
upon  bodies  placed  at  its  surface,  and  the  slow  revo-- 
lution  it  has  upon  its  axis,  he  thinks  may  be  more 
than  300  miles  high,  and  yet  stand  very  firmly.  He 
says  that  in  August,  1792,  he  examined  the  sun  with 
several  powers  from  90  to  500  j  and  it  evidently  ap- 
peared that  the  dark  spots  are  the  opaque  ground 
or  body  of  the  sun ;  and  that  the  luminous  part  is 
an  atmosphere,  which,  being  intercepted  or  broken, 
gives  us  a  view  of  the  sun  itself.  Hence  he  con- 
cludes that  the  sun  has  a  very  extensive  atmosphere, 
which  consists  of  elastic  fluids  that  are  more  or  less 
iudd  and  transparent ;  and  of  which  the  lucid  ones 
furnish  us  with  light.  This  atmosphere,  he  thinks, 
is  not  less  than  1843,  ^^^  more  than  2765  miles  in 
height  \  and  he  supposes  that  the  density  of  the  lumi- 
nous solar  clouds  need  not  be  much  more  than  that 
of  our  aurora  borealis^  in  order  to. produce  the  ef- 
fects with  which  we  are  acquainted.'  The  sun  then, 
if  this  hypothesis  be  admitted,  is  similar  to  the  other 
globes  of  the  solar  system,  with  regard  to  its  solidity 
atmosphere— its  surface  diversified  with  moun-% 
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tains  and  valleys — ^its  rotation  on  its  axis-— and  thie 
fell  of  heavy  bodies  on  its  surface ;  it  therefore  ap« 
pears  to  be  a  very  eminent,  large,  and  lucid  planet^ 
the  primary  one  in  our  system,  disseminating  its  light 
and  heat  to  all  the  bodies  with  which  it  is  connected. 
The  doctor  has  assigned  several  reasons  for  this  hy- 
pothesis, which  may  be  seen  at  large  in  the  Philoio^ 
phical  Transactions  for  1795  *. 

398.  Astronomers  have  not  been  able  to  deter* 
mine  decisively  either  the  times  of  rotation,  or  the 
inclination  of  the  axes,  of  mercury  t  and  georgium 
sidus :  for  no  spots  have  been  discovered  in  the  for- 
mer, to  lead  to  the  determination  ;  and  the  latter  is 
at  so  great  a  distance,  that  even  the  best  telescopes 
have  not  enabled  any  person  to  ascertain  these  pa^ 
culars. 

399.  Both  bright  and  dark  spots  have  been  dis* 
covered  on  the  disc  of  venus :  from  several  succei* 
sive  observations  on  theses  pots,  Bianchini^  concludes 
that  the  planet's  rotation  is  performed  in  243-  days; 
while,  on  the  contrary,  Cassini  znd  Campani  stated 
the  time  of  rotation,  23^  i6m.  This  is  nearly- con- 
firmed by  Schroeter^  who  makes  the  time  23**  21". 
But  Dr.  Herschelj  from  the  result  of  a  long  series 
of  observations,  between  the  years  1777  and  1793, 
observes,  that  the  time  of  the  planet's  rotation  is  un- 
certain ;  that  the  position  of  its  axis  is  also  very  un« 

*  Or  the  reader  may  be  referred  to  Part  I.  of  Mathematical  and 
Philosophical  Tracts  and  Selections,  lately  published,  where  this  and 
many  other  valuable  papers  extracted  from  expensive  works,  m^ 
be  procured  at  a  moderate  rate. 

f  M.  Jerome  de  la  Lande  in  his  History  of  Astronomy  for  tie 
year  1800,  informs  us,  that  M.  Schroeter  of  Liiicnthal  has  someob* 
servations  of  Mercury,  of  which  he  believes  the  |x?riod  of  rotation 
to  be  24  hours  5  minutes.  And  with  respect  to  georgium  sidus. 
Dr.  lierschelj  in  FhU,  Trans.  1798,  remarks,  that  many  obserra^ 
tions  with  different  instruments  ascertain  the  flattening  of  the 
poles  J  whence  we  may  conclude  without  hesitation,  that  this  pla* 
net  also  has  a  rotation  on  its  axis  of  a  considerable  velocity,  al«  • 
though  the  precise  time  of  rotation  is  not  yet  known. 


Rotations^  S^c.  of  the  Planets.  259 

certain ;  that  its  atmospl^ere  is  very  considerable  j 
that  it  has  probably  inequalities  on  its  surface,  but 
that  no  eye  which  is  not  c6nsiderably  better  than  his, 
or  assisted  by  better  instruments,  will  ever  get  a 
sight  of  its  mountains :  he  also  infers  from  the  ap- 
parent diameter  of  this  planet,  that  it  is  somewhat 
larger  than  the  earth,  instead  of  being  less,  as  is  ge- 
nerally imagined. 

400.  M.  Cassini  observed  several  spots  on  mars^ 
which  he  found  made  one  revolution  in  24**  40°* : 
this  determination  is  confirmed  by  Alaraldi.  Dr. 
Herschel  finds  the  time  to  be  24h  39™  2 2*.  In  the 
Philosophical  Trafiscc  ions  for  1784,  the  same  gen- 
tleman has  given  a  paper  on  the  remarkable  appear- 
ances at  the  polar  regions  of  this  planet,  &c.  He 
observed  several  remarkably  bright  spots  near  each 
pole  which  had  some  small  motion  j  the  results  of 
his  observations  are  as  follow :  inclination  of  axis  to 
the  ecliptic  59^  22' ;  the  node  of  the  axis  is  in  x  17® 
47' ;  obliquity  of  the  planet's  ecliptic  28*^  42^  The 
point  aries  on  mars's  ecliptic,  answers  to  our  *  1 9^ 
28'.  The  equatoreal  is  to  the  polar  diameter,  nearly 
as  16  to  15. 

40 1 .  Jupiter  is  surrounded  by  fault  substances, 
called  zones  or  bclts^  in  which  so  many  changes  ap- 
pear, that  they  are  generally  supposed  to  be  clouds : 
they  have  sometimes  been  observed  of  different 
breadths,  and  afterwards  have  all  become  nearly  of 
the  same  breadth :  large  spots  have  been  seen  in  these 
belts;  and  when  a  belt  vanishes,  the  contiguous 
spots  disappear  with  it.  The  broken  ends  of  some 
belts  have  often  been  observed  to  revolve  in  the  same 
time  with  the  spots ;  only  those  nearer  the  equator 
in  somewhat  less  time  than  tho^e  nearer  the  poles. 
Dr.  Smith  states  the  periodical  time  of  the  spots  near 
the  equator,  at  9**  50"^,  but  of  those  near  the  poles, 
at  9**  56™ :  this  corresponds  very  nearly  with  the 
determination  of  Cassini.    Dr.  Uerschel  also  found 
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the  time  of  rotation  of  different  spots  to  vary ;  and 
th^t  the  time  of  rotation  of  the  same  spot  diminished : 
thusy  a  spot  he  observed  in  1778  revolved  as  fol- 
lows :  from  February  25,  to  March  2,  in  9**  55™  20* j 
from  March  2  to  14,  in  9**  54°^  58" ;  from  April  7 
to  12,  in  9^  51"*  35'.  This,  he  observes,  is  agree- 
able to  the  theory  of  equinoctial  winds,  as  it  may  be 
some  time  before  the  spot  can  acquire  the  velocity  of 
the  wind  ;  and  if  Jupiter's  spots  should  be  observed 
in  different  parts  of  its  year  to  be  accelerated  and 
retarded,  it  would  almost  amount  to  a  demonstratioa 
of  its  monsoons  and  then:  periodical  changes* 
Schroeter  makes  the  time  of  rotation  9»»  55™  37*» 
The  ecliptic  and  equator  of  jupiter  are  nearly  paral- 
lel to  each  other,  that  is,  its  axis  is  nearly  perpendi- 
cular to  its  orbit :  hence  this  planet  has  no  sensible 
change  of  seasons.  This  is  wisely  ordered  by  the 
Author  of  Nature,  for  if  the  axis  of  this  planet  were 
inclined  any  considerable  number  of  degrees,  just  so 
many  degrees  round  each  pole  would,  in  their  turn, 
be  almost  six  years  together  in  darkness.  The  dif- 
ference between  the  polar  and  equatoreal  diameters 
of  jupiter  is  upwards  of  6000  miles,  the  former  be- 
ing to  the  latter  as  1 3  to  1 2 ;  and  either  of  them 
more  than  80000  (Art.  387.). 

402.  Saturn  also,  as  well  as  jupiter,  has  belts^ 
but  besides  these,  this  planet  is  surrounded  with  a 
double  ring,  which  renders  it  perhaps  one  of  the 
most  engaging  objects  which  astronomy  presents  to 
our  view.  Galileo  was  the  first  who  observed  this 
ring  ;  he  advertised  his  discovery  in  1610,  in  a  sen^ 
tence  which  signified  **  /  have  observed  saturn  to 
*'  have  three  bodies  ;'*  but  in  a  few  years,  as  tele- 
scopes became  improved,  the  nature  of  this  appear- 
ance was  better  known.  In  1656  Huygens  gave  the 
result  of  his  observations  on  saturn  in  the  letters  of 
this  sentence  transposed — ^'  Annulo  cingitur  tenuit 
^  piano,  nusquam  cohcsrentey  ad  ecUpticam  inclina^ 
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**  to.^*  But  leaving  what  we  have  to  remark  with 
respect  to  this  ring  till  we  have  treated  upon  the  sa- 
tellites*  we  shall  give  Dr.  Hersckel^s  determination 
of  this  planet's  rotation.  He  found  that  the  arrange* 
ment  of  the  belts  always  followed  the  direction  of 
the  ring ;  that,  as  the  ring  opened^  the  belts  began 
to  shew  a  corresponding  curvature,  and  vic^  versa. 
He  conjectured,  therefore,  that  satum  revolved 
about  an  axis  perpendicular  to  the  plane  of  its  ring  : 
another  reason  in  support  of  this  conjecture  is,  that 
the  planet  is  an  oblate  spheroid,  having  the  diameter 
in  the  direction  of  the  ring,  to  the  diameter  perpendi- 
cular  to  it,  nearly  as  1 1  to  i  o.  The  truth  of  his  con- 
jecture he  has  now  verified,  having  foimd  that  sa- 
tum revolves  about  its  axis,  according  to  the  order  of 
the  signs,  in  i  o**  1 6™  a'  very  nearly. 


(    SGS    ) 


CHAPTER  XV. 

On  the  PhaseSf  Stdiiensj  and  other  Appearances^  oj 

the  Planets. 


Art.  408.  IN  the  seventh  chapter,  where  vc 
took  notice  of  the  most  striking  appearances  exhibited 
by  the  planets,  it  was  observed  (^Aru  199.  200.X 
that  the  planets  mercury  and  venus,  when  viewed 
through  a  telescope,  seemed  to  undergo  changes  is 
their  phases  similar  to  those  of  the  moon  :  the  occa* 
sion  of  these  changes  we  shall  now  explain.— The 
planets  being  opaque  bodies,  without  any  light  of  their 
own,  shining  only,  or  at  least  chiefly,  by  the  bor- 
rowed light  of  the  sun,  that  face  of  either  of  them 
will  alone  appear  bright  which  is  turned  towards  the 
sun,  while  the  opposite  part,  for  want  of  light,  is 
altogether  invisible  ;  consequently,  if  the  situation  of 
any  of  the  planets  be  such  with  respect  to  the  earth, 
that  its  dai  k  side  be  towards  us,  then  is  that  planet 
invisible  ;  but  if  the  whole  illuminated  face  be  towards 
us,  then  the  appearance  is  that  of  a  full  shining  orb ; 
and,  for  the  same  reason,  all  the  intermediate  phases 
between  these  extremes  arise  from  the  different  situau 
tions  of  the  earth  and  planet,  with  respect  to  the  sun. 
For  instance,  let  us  suppose  A  B  C  D  F  G  H  (fig.  10, 
PI.  V.)  to  be  the  orbit  of  vcnu>:^  E  R  a  portion  of  the 
earth's  orbit,  S  the  sun ;  let  E  be  the  place  of  the 
earth,  when  venus  is  at  A  in  her  superiour  conjunc- 
tion with  the  sun :  here  it  is  plain  that  the  face  of 
venus,  which  is  illuminated  by  the  sun,  is  directed 
towards  the  earth,  and,  of  course,  the  planet  appears 
to  us  as  a  full  lucid  circle^  like  the  moon  at  fulL    But 
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if  venus  were  at  B,  and  the  earth  at  E,  then  n  q,  part 
of  her  darkened  hemisphere,  will  be  turned  towards 
the  earth,  and  the  arc  of  the  circle  r  y,  dividing  the 
illuminated  f :  om  the  dark  part,  will  be  projected  in  an 
arc  of  an  ellipsis  upon  the  disc ;  whence  the  planet 
will  appear  gibbous.     When  venus  is  at  C,  if  the 
earth  be  at  £, ;» r/,  that  part  of  the  enlightened  hemi- 
sphere which  is  towards  us,  will  i^t  much  exceed 
90^,  of  course  we  shall  not  see  much  more  than  half 
her  disc.   At  the  position  D,  m^,  the  part  enlightened, 
is  90^  ;  then  r  ^,  the  circle  dividing  the  illuminated 
from  the  darkened  hemisphere,  will  be  projected  into 
a  right  line,  and  half  the  disc  will  be  seen.    Between 
D  and  F  less  than  half  the  enlightened  hemisphere 
would  be  directed  towards  the  earth  at  E,  and  venus 
would  appear  homed.    And  in  the  position  F,  when 
she  is  in  her  inferiour  conjunction  with  the  sun,  her 
dark  side  is  entirely  turned  towards  the  earth,  and 
she  quite  disappears,  unless  she  happen  to  be  in  or 
near  one  of  her  nodes,  when  she  will  appear  like  a 
black  spot  to  pass  over  the  body  of  the  sun,  and  is 
then  said  to  transit  his  disc.     In  a  similar  manner  the 
appearance^  in  the  positions  G,  H,  I,  might  be  traced 
out ;  and  the  same  delineation  and  explanation  will 
serve  for  the  planet  mercury.     Mars  also,  it  might 
be  shewn,  exhibits  some  of  these  phases;  and  jupiter, 
satum,  and  the  georgian,  in  a  less  degree ;  but  in 
the  latter  three,  the  changes  are  scarcely  ever  per- 
ceptible *• 

♦  When  tracing  out  theprogrcM  of  astronomy,  and  the  Invention 
of  different  systems,  m  Chap.  VII.  an  account  was  given  uf  an  ob- 
jection urged  against  Copernicus  by  the  followers  of  Ptolemy, 
drawn  from  the  phases  of  the  inferiour  planets  (Art.  207.),  and  of 
the  reply  made  by  Copernicus,  together  with  the  supposed  con- 
firmation of  the  Copemican  system  by  Galileo's  discovery  of  the 
phases  of  venus.  It  might  then  have  been  remarked,  had  the  sub- 
ject been  much  reflected  upon,  that  the  mere  changes  in  the  discs  of 
the  inferiour  planets,  as  urged  by  the  Ptolemaists,  proved  nothing 
at  all  as  to  the  truth  or  fa^pehood  of  th^  Copemican  hypothesis. 
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401.  From  these  remarks  it  will  be  easy  to  deli- 
neate the  appearance  of  an  inferiour  planet  in  any 
given  situation :  thus,  when  the  planet  is  in  the  posi- 
tion C,  the  earth  being  at  £,  and  the  sun  at  S,  r  ^ 
will  be  the  circle  of  illumination  perpendicular  to  S  O, 
and  m  n  perpendicular  to  £  O,  the  plane  of  vision ; 
then  O  q^  part  of  the  circle  r  q^  being  seen  obliquely 
from  £,  at  an  immense  distance  compared  with  the 
size  of  the  planet,  will,  accprding  to  the  principles  of 
orthographic  projection,  be  projected  into  an  elliptic 
arc  on  the  plane  //  /t?,  and  the  point  q  will  appear  at 
s^  so  that  n  s  will  be  the  versed  sine  of  the  arc  nq^at 
m  s  the  versed  sine  of  m  q.  But  the  angle  ^  O  ^  is 
9qual  to  P  O  S,  for  y  O/)  is  equal  to  P  O  ;•,  and  r  O  S 
equal  to  m  Opj  bpth  being  right  angles  ;  therefore, 

jrOj&+/>Ow  =  POr +  rOS,  oryO/>  =  POS; 
consequently,  m  a  is  the  versed  sine  of  P  O  S.  And 
in  the  same  manner  it  may  be  proved,  that  in  every 
position  the  greatest  breadth  of  the  illuminated  part 
of  the  disc  is  equal  to  the  versed  sine  of  the  exteriour 
angle  S  O  P  of  the  triangle  S  O  E,  formed  by  lines  to 
the  planet  from  the  earth  and  sun  respectively.  Let, 
therefore,  B  O  C  P  (figs.  8,  1 2,  PI.  V.)  be  the  pro- 
jected  hemisphere,  or  disc  of  the  planet,  and  F  P  the 

For,  from  a  little  consideration,  it  will  appear  that,  according  to  the 
Ptolemaic  system,  all  the  planets  undergo  mutations  in  their  phases 
similar  to  those  of  the  moon  -,  so  that  the  objection  would  militate 
with  more  force  against  that  system  than  against  the  Copemican. 
Besides,  ven us,  in  the  latter  system,  may  appear  round  without  beiog 
in  opposition  to  the  sun  ;  whereas  in  the  former,  in  order  to  appear 
round,  she  must  be  in  opf)osition ;  but,  in  fact,  vcnus  is  never  seen  in 
opposition  to  the  sun.  If,  therefore,  in  addition  to  the  mere  changes 
in  the  discs  of  the  inferiour  planets,  we  consider  their  situations  in 
respect  of  the  sun  when  these  changes  occur,  we  shall  have  a  satis- 
factory proof  of  the  fallacy  of  the  Ptelemaic  sy  tern.  In  this  system, 
venus  could  not  be  dichotomized,  unless  she  was  90^  from  the  sun ; 
nor  gibbous,  unless  her  distance  from  the  luminary  was  more  than 
90° ;  nor  full,  unless  she  was  in  op})osition ;  wliert'as,in  reality,  veriiit 
undergoes  all  these  changes,  though  her  elongation  never  ejicceds 
47  is  and  though  she  is  never  in  o])positiun^  nor  even  in  quadra- 
ture. 
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Tersed  sine  of  the  exteriour  angle  to  the  radius  L  P, 
set  off  upon  O  P  a  diameter  perpendicular  to  B  C ; 
then  describe  a  semi-ellipse,  having  B  C  for  its  trans- 
Tcrse  diameter,  and  F  L  for  the  semiconjugate,  and 
BFCP  will  represent  the  enlightened  part  as  it  ap- 
pears at  the  earth.  Now,  from  the  nature  of  the 
circle  and  the  ellipsis,  we  have  L  P  in  a  constant  ratio 
to  F  P,  wherever  the  line  P  O  is  drawn  perpendicular 
to  B  C ;  therefore,  2  L  P  or  P  O  is  also  in  a  constant 
ratio  to  FP :  but  (by  £uc.  V,  1 2.)  the  sum  of  all  the 
lines  P  O  (equal  to  the  area  of  the  circle)  is  to  the  sum 
of  all  the  lines  F  P  (equal  to  the  area  of  the  illuminated 
partX  as  the  diameter  of  the  circle  O  P  to  the  part 
F  P ;  that  is,  from  what  goes  before,  to  the  versed 
fine  of  the  exteriour  angle  SOP;  and,  aH  other 
drcumstances  riemaining  the  same,  the  total  illumi- 
nation  of  the  planet  will  be  to  the  illumination  at  the 
given  position  in  the  same  ratio. 

405.  But,  since  the  intensity  of  light  decreases  in 
the  duplicate  proportion  of  the  distance  from  the 
centre  whence  it  proceeds,  a  planet  may  not  appear 
with  its  greatest  lustre  when  at  A  (fig.  1  o,  PI.  V.), 
although  Its  whole  enlightened  disc  be  then  towards 
lis.  On  this  account.  Dr.  Halley^  in  the  Ph'Uosc^ 
phical  Transactions^  No.  349,  gave  a  solution  to  a 
problem,  in  which  it  was  required  to  determine  the 
position  of  venus  xvhen  she  appeared  with  the  greatest 
lustre.  This  mav  be  determined  for  either  mercury 
or  Venus,  in  the  following  way  :  put  E  S  =  r/,  S  r  = 
^,  £  V  =  .r,  S,  £,  and  x,  being  the  situation  of  the 
sun,  earth,  and  venus,  when  the  required  effect  takes 
place ;  from  the  point  v  with  the  radius  v  £  describe 
the  arc  £  ^,  and  let  fall  the  perpendicular  £  b  :  put 
bv^smdj  then  ah^==  x  —  rf  =  1^  the  versed  sine  of  the 
angle  flr£.  Now  (by  £uc»  II,  12.)  we  have  a*  = 
4*  +  .r*  +  2  A  dj  whence  a'  — •  2  A  ^/  =  A*  +  j'%  and, 
adding  2bx  on  each  side,  a^  +  2  Ax —  %bd^=^  x^+ 
%bx'\r  b^i  thatis,  a^-^  zbv  =^  x^  +  2bx  +  b^  i 
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for  the  last  part  of  this  equation  put  r ;  then  r 
tsz  2  bv=s^  and  multiplying  by  2  .r,  we  have  ^bjcv 
=s  2  *r  ^ ;  whence,  converting  this  equation  to  an 
analogy,  we  get  4 i  a? :  jc  :  2  .r :  i; ;  that  is,  4 6a: :  xi 
+  2b.v  +  b"^  —  a^i:  lEviab.  But  it  has  been 
shewn,  that  the  area  of  the  whole  disc  of  the  platiet  is 
to  the  area  of  the  enlightened  party  as  the  diameter  of 
a  circle  to  the  versed  sine  of  the  exteriour  angle, 
therefore  they  are  as  4  b  x  :  x'  +  2b.v+  b^'—a^i 

and  the  area  of  the  whole  disc  varies  as  — ;  tfence, 

,f  ,,  /  ,,»  2  I         *'+26x+X»  —  «• 

Abx\x  +2bx+b  ^a  ::-  : -^^^ ^ 

which  in  all  cases  will  express  the  absolute  lustre  of 
the  planet.     To  determine  this  a  maximum^  put  itt 

fluxion  =  0,  then  2  A .'r  +  2  r d  X  4  *  ^  =  i^bj^j 

X  b^  +  2bx  +  x''  —  fl%  from  which  we  readily  find 

^  =  y/  ^  a*  +  A*  —  26*.  The  same  concluaoil 
might  have  been  obtained  in  a  more  concise  manner ; 
but  the  reasons,  of  the  process  would  have  appeared 
less  obvious.  In  this  solution  we  have  supposed  the 
orbits  to  be  circular,  and  to  apply  it  to  ve?Uis  we  have 
azz  ij  b  zz.  72333  (Art.  360.),  whence  x  zz  •4^036, 
the  angle  ESv  =  22^  21^,  and  SEv  =  39^  44'. 
Also  the  angle  S  t^P  =  SEr  +  E  S  r  =  62°  5",  and 
its  versed  sine  is  •5318  to  the  radius  1  ;  therefore,  the 
enlightened  part  visible  (Art.  404.)  :  whole  disc  : : 
•5318  ;  2  :  :  '2654  :  i ;  consequently,  venus  appears 
rather  more  than  a  fourth  part  illuminated.  When 
venus  is  situated  agreeably  to  this  solution,  her  beauty 
and  brightness  are  very  admirable,  for  she  then  shines 


*  It  may  not  be  amiss  to  note,  that  the  equation  x  =  V3  «*-f  i" 
—  26  has  a  limit;  for,  if  6  were  equal  to  4  n,  the  point  v  wcnild 
fall  on  A,  and  the  whole  disc  of  the  planet  would  be  the  maximam^ 
when  in  its  supcriour  conjunction  with  the  sun  :  and  it  would  be 
the  same  Kh  were  less  than  i  w,  the  arch  described  from  the  centre 
£,  with  the  radius  £  v,  in  such  cose  not  intersecting  the  sciuicirde 
ACF. 
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With  such  lustre  that  she  is  often  seen  in  the  day-time,' 
even  in  full  sun-shine.  If  we  apply  this  solution  to 
mercury,  then,  a  being  as  before,  b  is  '3871,  and 
0-=  i'30o&;  the  angle  ESij=78'  $$,  SEt;  = 
33°  19',  and  S>P  =^  101°  14',  the  versed  sine  of 
which  is  i-i948j  therefore,  meicury  appears  nearly 
|ihs  illuminated,  when  his  light  is  greatest. 

411* .  It  was  observed  in  Art.  199.  that  when  venus 
appears  to  the  east  of  the  sun,  she  sets  after  him,  and 
is  called  the  eiriiin^^-  suir  ;  but,  on  the  contrary, 
when  she  is  westward  of  that  luminary,  she  shines 
betbre  he  rises  in  the  morning,  and  is  called  the 
morning  Sim:  We  may  now,  since  the  terms  infe- 
riour  and  superiour  conjunction  are  explained  (Art, 
350.),  remark  thai,  from  the  inferiour  to  the  supe- 
riour conjunclion,  venus  is  a  monihi^  star ;  and, 
from  the  superiour  to  the  inferiour  conjunction,  an 
evenwg  star.  For,  let  E  be  the  earth  (fig.  1 4,  PI.  V.\ 
tsil,  rim,  two  tangents  thereto,  representing  the 
horizon  at  each  place,  S  the  sun,  V  R  i  O  the  orbit 
of  venus,  V  and  v  her  places  at  the  superiour  and 
inferiour  conjunctions ;  then  venus,  in  any  point  of 
the  portion  '  O  m  for  x  O  B  because  of  the  minuteness 
of  the  earth  with  respect  to  V  v),  is  above  1  he  horizon 
of  a  spectator  at  r,  while  the  sun  at  S  is  below  it  j 
hence  venus,  from  the  inftriour  to  the  superiour 
conjunction,  shines  before  the  sun  rises.  Again,  when 
the  earth,  by  its  rotation  in  the  order  r  b  /,  is  carried 
to  /,  (he  Gun  is  set ;  but  venus,  in  that  part  of  her 
orbit  from  n  to  .v  (or  V  R  r),  will  still  be  above  the 
horizon  t  ti ;  consequently,  from  her  superiour  to  her 
inferiour  conjunction,  she  shines  after  the  sun  sets. 

40".  When  treating  on  the  apparent  motion  of  the 
planets,  in  Chapter  IX.  it  was  shewn,  that  the  supe< 
riour  planets  are  stationary  some  time  before  and  after 
their  oppositions,  and  the  inferiour  planets  stationary 
some  time  before  and  after  their  inferiour  conjunc. 
tions :  we  might,  from  the  theory  there  laid  down. 
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determine  the  relative  positions  of  any  two  planets^ 
rtfien  one  as  seen  from  the  other  appears  stationary; 
but  this  may  be  done,  perhaps,  more  easily  as  fol- 
lows :— -To  facilitate  the  calculations,  we  suppose  the 
orbits  to  be  circular,  and  in  the  same  plane ;  for  this, 
though  not  strictly  true,  may  be  allowed  us  in  the 
present  instance,  which  is  rather  a  matter  of  curiositT 
than  utility ;  then  let  A  R  and  C  B  (fig.  1 1,  PI.  V.) 
be  parts  of  the  orbits  of  the  two  planets^  A  and  B 
their  respective  places,  S  the  place  of  the  sun ;  and  it 
is  manifest,  that  the  parts  a  A,  ^  B,  described  in  tbe 
respective  orbits  during  the  time  that  the  planett 
appear  stationary  to  each  other,  must  be  such  that  die 
fines  a  A,  A  B,  may  be  parallel,  for  then  both  those 
lines  will  be  directed  to  the  same  point  among  the 
fixed  stars,  at  an  exceedingly  great  distance.  Nov 
a  A  and  6  B,  being  described  in  small  equal  timeSi 
denote  the  velocities  of  A  and  B,  and  these  are  red* 
procally  as  the  square  roots  of  S  A  and  S  B,  as  it 
proved  by  the  authors  on  mechanics,  and  might  be 
deduced  from  Art.  283.  Produce  a  A  and  A  B  till 
they  intersect  in  F ;  or,  which  amounts  to  the  same, 
draw  A  F  and  B  F  perpendicular  to  the  radii  S  A^ 
S  B :  then,  since  the  angles  at  A  and  B  are  riglit 
angles,  the  figure  F  B  A  S  may  be  inscribed  in  a  semi- 
circle having  F  S  for  its  diameter ;  therefore,  the 
angle  BFA=  BSA,  AFS  =  ABS,  FSB  =FAB, 
and  BFS  =  supplement  of  B  A  S.  Let  S  B,  the  ra- 
dius of  the  exteriour  orbit,  be  denoted  by  r,  S  A  that 
of  the  interiour  being  represented  by  unity  ;  also  pat 
FB  =  cr,  and  BD  =  v,  then  D  S  =  r  —  y  ;  and 
since  ah^  ABy  are  parallel,  F  B  (.r) :  F  A :  :  B  ^ :  A  a 
: :  I  :  \/r;  therefore,  F,A  =  ./\/r,  and  FA*=  rx*. 
Also  in  the  right  angled  triangles  FBS,  FAS,  FS'=ai 
F  A»  +  A  S  =  F  B»  +  B  Ss  or  FA*  +  i  =  j-*  +  r*, 
and  F  A*  =  d*  +  r*  —  i :  but  F  A*  =  r  .r*,  where- 
fore r a*  =  0^*  +  r*  —  j •    This  reduced  gives  Jt  ss» 
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/^^^  =  %/  r  +  1  i  consequently,  F  A  r:  .r  Vr 
^  ^*i  +  r.  Again,  by  the  similar  triangles  SAD, 
FBD,FB(j):BDC!/)::SA(i):AD  =  *j  also, 
S  A  (i ) :  S  D  (r  ~y)  : :  F  B  (.r)  :  F D  =  rx ~y  t  i 
whence  FA=FD  +  AD  =  ^''-y^^+y  =  ^  ^  r, 
by  the  above.  From  this  equation  we  find  y  = 
— —^y  by  substituting  for  x  its  equal  y/r  +  i  ; 

[hence  S D  =  r  —  y  =  r  — -^^  =  Ql^li^r.'-. 
'  Then  SD:  radius  ::SA(i):  sine  SDA=^==r^^ 

r  +  i.x/r—r 

=  — — — -  =^  co-sine  ASB. 

r+i— v'r 

+08.  The  sine  of  A  S  B  = '— '"l^+i    Por  ia 
rv'r+i 
the  triangle  F  B  D,  F  B  ( j),  sineD  : :  B  D  (y)  :  sine- 

F  =  -  X  sine  D  =  '^~^^,jllj'  '  X  ^^-^^ ,which 

'  r  Vr+ J  r+i— v'r 

reduced  gives  the  value  of  the  sine  of  D  FB,  or  its 
equal  A  S  B,  as  just  stated. 

409.  The  tangent  of  the  angle  ASB  =  r—i^r+t^ 

For,  in  the  triangle  FED,  F B  (.r)  :  radius  :  :  B D 

'    (y)  :  tang.  BFD  or  ASB  =  5^  =  (Art.    407.) 

4)0.  The  tangent  of  the  angle  ABS  at  the  upper 

orWt  t>  -j^-^.     For  in  the  triangle  AFS,  AF 

'  ^Art.  407.)  =  \/r^-^r)  :  radius  : :  S  A  (1)  :  tang. 

AFS  =  v^+7  —  *^"S'  ABS.. ..And  the  sine  of 
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A B S  =    •  .  For  in  the  triangle  AFS» 

F  Si  =  F  B*  +  BS^  =  r  +  i  +  r^  (Art.  407.)? 
therefore  FS=  ^/•»-f-^+  ^  •  then  FS  :  radios  :: 
AS(i):sineAFS  =  ABS=    .      ' 

411.  The  tangent  of  the  angle  B  A  S  at  the  lower 
orbit » « 77=7>  and  its  sine  =  ^^^^^^^»  For, 

in  the  triangle  S  BF,  F  B  (n/thFi  ) :  radius  : :  BS 
(r)  :  tang.  B  F  S,  or  its  supp.  B  A  S  =:  -^ >  And 

in  the  same  triangle,  F  S  (\/'-*  +  ^*  +  i)  •  radius :: 
SB  (r)  :  sine  BFS  =  sine  of  its  supp.  B  ASs 


4 1 2.  When  any  planet  is  stationary,  the  tangent 
of  the  angle  at  the  earth  h  to  the  t  a  pi  gent  qfthean^ 
at  the  planet^  as  the  periodic  time  of  the  planet  to 
that  of  the  earths    For,  tang.  B  A  S :  tang.  A  B  S: : 

^  I  r        I  /  s  . 

periodic  time  of  B  :  periodic  time  of  A. 

4 1 3.  Thus  have  we  determined  the  expressions  for 
the  sines  and  tangents,  of  the  angles  at  the  sun,  at 
the  earth,  or  at  the  planet,  whether  inferiour  or  su- 
periour :  it  must  be  evident  from  this  investigation, 
that  if  the  lower  planet  had  been  at  E,  making 
E  R  1=  R  A,  the  two  planets  wx)uld  still  have  appeared 
stationary  to  each  other  ;  for  the  positions  of  all  the 
lines  would  be  the  same  relatively  at  £  and  B,  as  at 
A  and  B.  It  also  appears,  that  //  the  orbits  fe  «/• 
lipses  or  any  other  cuixesy  the  planets  moving  in  them 

*  This  expression  for  the  sine  of  the  elongation  of  a  su^^eriour 
planet  from  the  son,  when  stationary,  agrees  with  that  deduced  from 
a  different  method  by  Mr.  Vince,  at  p.  177  of  his  Comptcte  Sj/stm 
ofAstroHomy. 
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s  are  stationary. 

■tpill  appear  atalionaiy,  ichen  the  tangents  AV,  BF, 
are  prvpnrtioiial  to  the  velocities  at  A  a/id  B  :  foi"  if 
A  F,  B  F,  are  as  the  velocities  in  A  and  B,  ihey  will 
be  as  (7  A  and  b  B  ;  and  therefore  a  b,  A  B,  will  be 
parallel ;  consequently  the  planets  will  appear  sta- 
tionary to  each  other. 

414.  With  respect  to   the  time  when  any  of  the 

[rfanels  appear  stationary,  if  the  orbits   were   exact 

circles  it  might  easily  be  found  j  but  as  they  are  ex- 

centric  and  elliptical,  we  can  only  approximate  to 

the  time  by  trials.     Having  the  mean  distances  of 

the  eanh  and  planet,  find  the  helicenlric  angle  fa) 

between  the  earth  and  planet  when  stationary,  by 

tome   of  the   preceding   articles    (407.   408.    409.) 

Then,  by  means  of  the  Nautical  Almanac,  or  JVhitt's 

'  Ephaneri.1,  find  when  the  difference  (ff)  between  the 

■  heliocentric  places  of  the  earth  and  planet  is  nearly 

equal  to  this  angle  (n)  :  and  to  know  when  they  are 

exactly  equal,  put  P  for    the  periodic  time  of  the 

t  earth,  p  for  that  of  the  planet,  and  j-  for  the  differ- 

I  cnce  between  the  time  when  the  angle  at  the  sun  is  d, 

'  and  when  it  is  a.    Then  P  :  360°  :  :  .i- :  ^-^,  mean 

motion  of  the  earth  in  the  time  .v ;  and  p  :  360° :  :  .r: 

a — '  mean  motion  of  the  planet  in  that  time.     The 

difference  of  these  mean  motions  must  be  put  equal 
to  the  sum  or  difference  of  (/  and  /,  as  the  case  re- 
quires, and  .imay  be  found  by  reduction,  and  thence 
a  nearer  approximation  to  the  time.  Then  find  the 
geocentric  longitude  of  the  planet  for  that  day,  and 
for  the  preceding  or  following  day  ;  if  they  are  the 
game,  the  planet  is  stationary  j  but  if  not,  having 
the  planet's  geocentric  longitude  for  three  or  four 
days,  the  method  of  interpolation  will  give  the  exact 
time  of  the  station. 

41-^.  If  when  a  planet  is  stationary,  the  elonga- 
'  <ioD  from  the  sun  be  observed,  the  planet's  distance 


i 
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from  the  sun  may  be  known  in  terms  of  tlie  earth^s 
distance.     Thus,  for   a   superiour  planet^  we   have 

(Art.  411.)  the  tangent  of  B  AS  =  -    ^        ;    this 

being  known  by  observation,  we  denote  by  ty  then 
f*  =  —7 — ;  whence  r  *  =  /  *  r  +  /*,  and  r*"^t^r 
=  ^  * }  from  which,  by  completing  the  square,  &Cr 

we  find  r  =  §/«  +  /^i4.  -'♦.  Again,  for  an 
inferiour  planet  we  have  tang.  A  B  S  ir  z:  t 

(Art.  410.);  whence  i  1=  /»r*  +  /*r,  and  r*  + 
r  =  — ;  from  which,  by  reduction,  we  have  r  « 


J 


1  +  yi I.  And,  as  the  value  of  .r  thus  de- 
termined, is  to  unity;  so  is  the  distance  of  the  earth 
from  the  sun,  to  the  distance  of  the  planet  from  die 
sun ;  or,  if  unity  be  put  for  the  third  term  of  thk 

analogy,  then  — — ^ ,  or  /*  +  t^  J  \  +-77, 

to  \vhich  it  will  reduce,  will  express  the  distance  of 
the  planet  from  the  sun,  that  of  the  earth  beii^ 
one. 

416.    To  find  the  time  of  the  heliocentric  con* 

junction  of  any  two  planets ;  let  P  and  p  be  the 

periodic  times,  P  representing  the  greater ;  then  P ; 

one  day  : :  360^  :  -rj-  the  degrees  passed  over  in  a 

day  by  the  superiour  planet ;  also,  p  :  one  day  : : 

360'' :  ' —  the  degreec  described   by   the  inferiour 


»  The  expression  giren  by  Mr.  Vince,  at  page  180  of  hisSj^Oi 
ff  Astronomy,  is  nut  general ;  for  it  will  only  answer  when  a|H}lieJ 
to  the  case  of  superiour  planets. 
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))Iahet  in  one  day.  Therefore ^  =  the  de- 
grees gained  in  a  day  by  the  inferiour  planet.  Whence 
2 2^  :  260° : :  one  day  :  the  time  of  gaining 

the  whole  cifcumferehfe*  i*=  -rr- — 


Pp 


360  369  I  I 

P     "•    p  p~P 

-^ii •    This  will  be  the  mean  time  between  one 

P  — p 

conjunction  and  another,  when  seen  from  the  sun  : 
or  the  mean  time  between  two  oppo^tions,  or  be- 
tween any  two  similar  situations.  Then,  if  the  mean 
time  of  one  heliocentric  conjunction  be  known,  the 
mean  time  of  the  next,  and  all  the  succeeding 
ones,  will  be  known.  Therefore,  find  the  heliocentric 
places  of  the  two  planets  to  that  time,  and  note  the 
errour ;  and  by  observing  whether  the  inferiour  or 
Superiour  planet  is  foremost,  it  will  be  seen  whether 
the  true  time  is  past  or  not  yet  arrived.  Let  a  new 
time  be  assumed  accordingly,  for  which,  let  the 
planet's  places  be  found,  and  again  note  the  errour ; 
from  these  two  errours,  and  respective  times,  the 
true  time  may  be  ascertained  by  the  common  methods. 
But  with  regard  to  the  geocentric  conjunctions  and 
oppositions  of  the  planets,  they  cannot  be  determined 
easily  except  by  repeated  trials,  because  those  bodies 
do  not  revolve  regularly  about  the  earth,  as  they  do 
Sibout  the  sun.  As  the  three  highest  planets  approach 
nearest  to  a  regular  motion  about  the  earth,  the  geo- 
centric conjunctions  or  oppositions  of  any  two  of 
them  will  differ  but  little  from  their  heliocentric 
ones ;  happening  a  little  sooner  or  later,  according 
to  the;  situation  of  the  earth  in  its  orbit. 

417.  To  know  171  what  period  any  planet  and  the 
earth  return  to  the  same  point  of  the  heavens  ;  find, 
from  a  table  of  their  mean  motions,  a  number  of 
years  agreeing  to  a  complete  number  of  revolutions 
of  the  planet*    According  to  M.  de  la  Lande,  mer'^ 

T 
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curjfy  in  thirteen  years  (of  which  three'  are  hisses 
tiles)  and  three  days,  makes  fifty-four  revolutions^ 
and  -2^  55^;  in   the   same  time  the  earth   maket 
thirteen  revolutions,  and  2^  49'  over;  therefore,  ia 
this  period,  the  earth  and   mercury  return  to  very 
nearly  the  same   relative  situation  in  the  heavens* 
Venus,  after  a  space  of  eight  years,  is  found  within 
i^  32^^  of  the  same  place,  and  the  earth  within  4'. 
In  seventy-nine  years  and  four  days  (supposing  there 
are  twenty  bissextiles),  7?iars  returns  to  the  same  situ- 
ation within  3^  39',  and  the  earth  within  3^  48'. 
Jupiter^  in  eighty-three  years,  returns  to  within  1 2'of 
the  same  point,  and  the  earth  within  6^*     Saturn^  in 
fifty-nine  years  and  two  days,  returns  to  within  1^4/ 
of  the  same  situation,  and  the  earth  to  within  i^  ^i'. 
TA.de  la  Lande-dXso  informs  us,  that  on  May  aii^ 
1702,  Jupiter  and  saturn  were  within  i^  4'  of  each 
other  :  On  February  1 1,  1524,  venus,  mars,  jtipiter, 
and  saturn,  were  very  near  each  other,  and  mercury 
not  above  16^  from  them  :  On  November  1 1,  1544, 
mercury,  venus,   jupiter,  and   saturn,    were  withia 
the    space   of  lo^  :  On  March  17,  1725,  mercury^ 
venus,  mars,  and  jupiter,  were  so  near  each  other, 
as  to  be  all  seen  through  the  same  telescope  without 
changing    its    position:     On   December  23,    1769, 
venus,  mars,  and  jupiter,   were  within   1^   of  each 
other. 

418.  Since  the  theories  of  the  planets  are  estab* 
llflied,  and  their  geocentric  places  may  be  ascertained 
for  any  time,  with  considerable  accuracy,  by  means 
of  the  Nautical  Almanac^  we  may,  after  having 
found  their  right  ascensions  and  declinations 
(Art.  168.),  determine  the  time  of  their  rising,  cul- 
minating,  setting,  and  their  altitude,  azimuth,  &c. 
at  any  time,  by  the  same  methods  which  were  made 
use  of  to  determine  these  particulars  with  respect  to 
the  fixed  stars,  in  Clutp.  VI.,  Probs.  17.  19.  20.  2l« 
&c.    And  with  the  assistance  of  a  celestial  globe,  vc 
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inav  Tery  readily  find  theit  situations  in  the  heavens 
^tn  regard  to  the  fixed  stars ;  or  indeed  their  alti- 
tudes and  azimuths,  generally,  within  a  degree  at  any 
given  time. 

For  example^  it  is  required  to  shew  the  positions 
of  all  the  planets^  with  their  altitudes  and  azimuths 
at  Greenwich,  on  March  13,  1801,  at  seven  o'clock 

P.  M Their  geocentric  longitudes  and  latitudes, 

Dn  March  13th,  at  noon  (which  are  near  enough  for 
our  present  purpose,  since  the  daily  variation  in  lon- 
gitude, even  in  mercarxi^  does  not  exceed  a  degree, 
and  the  latitudes  vary  still  less),  are  as  follow  :  mcr^ 
cury^  longitude  <v»  10^  46^,  latitude  2^  9' N. ; 
Kenusj  long.  «  8^  32',  lat,  2^  33'  N. ;  mars^ 
long,  n  12^  8',  lat.  1^  47'  N. ;  jupittr^  long.  03 
24^  36'  lat.  o"*  37'  N. ;  sat  urn  ^  long,  a  18°  10', 
lat.  i^  '22'  N. ;  georgium  sidus^  long.  ^  o^  33', 
lat.  o^  47'.  N.  By  these  geocentric  longitudes  and 
latitudes,  mark  on  the  globe  the  respective  places  of 
the  planets  ;  then  rectil^  the  globe  for  the  given  la- 
titude and  day,  and  turn  it  about  till  the  index  points 
to  the  given  hour  ;  the  particulars  required  for  each 
planet  will  then  be  as  below :  mercury,  about  the 
same  altitude  as  y  pegasus,  and  12*  westward  of 
that  star;  altitude  6|°,  azimuth  3^  from  the  west 
towards  the  south.  Fenus^  about  5^  to  the  west  of 
the  star  in  the  ram's  north  eye;  altitude  31°,  azi- 
muth 14^  from  the  west  southward.  Mars,  nearly 
midway  between  aldebaran  and  the  bull's  north  horn ; 
altitude  55^,  on  the  south-west  azimuth  circle.  Jupi- 
ieVy  nearly  in  a  direct  line  with  castor  and  pollux, 
about  8®  below  the  latter  ;  altitude  57°,  azimuth  60"* 
from  the  east  towards  the  south,  buturn^  about  8  \" 
to  the  west  of  regulus  or  cor  leonisj  somewhat  higher 
than  that  star;  altitude  42^,  azimuth  30^  from  the 
east  southerly.  Georgium  sidus^  almost  in  opposition 
to  mercury,  very  near  *»  in  the  virgin;  altitude  5^, 
azimuth  3^  from  the  east  towards  the  south.    From 
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the  above,  it  appears  that,  at  the  time  proposed,  ^ 
the  planets  mighc  be  seen  at  one  instant ;  which  is  far 
from  a  usual  arcumstance.  It  also  appears  from  the 
ephemeris,  that  mercury  is  ^t  his  greatest  elonga^ 
/ia;^  from  the  sun,  venus  nearly  so,  and  both  mercury 
and  Jupiter  within  ten  days  of  one  of  their  stations* 
In  a  similar  manner  may  the  relative  situations,  and 
various  other  particulars  respecting  the  planets,  be 
ascertained  for  any  given  time,  wiui  tolerable  acciN 
.  racy,  with  the  help  of  a  celestial  globe  and  an  cfkt^ 
meris. 


(    977    ) 


CHAPTER   XVL 


On  the  Moon* 


Art.  419*  it  must  be  evident  from  what  was  ob- 
served in  the  1 98th  article,  that  the  motions  of  the 
moon  are  verv  irregular ;  the  irregularities  are  indeed 
so  considerable,  that  the  determination  of  the  theory 
of  the  moon  from  observation,  is  a  matter  which  re- 
quires more  than  usual  care ;  and  on  this  account  it 
has  been  deferred  till  the  mediods  of  ascertaining  the 
planets'  orbits  and  motions  were  explained. 

420«  Th^  orbit  of  the  moon  is  changeable  in  point 
of  situation,  and  does  not  always  persevere  in  the 
tame  figure ;  for  though  it  be  elliptical  or  nearly  so, 
with  respect  to  the  earth,  which  is  one  of  its  fod, 
the  excentridty  of  the  ellipsis  is  varied,  being  some- 
times increased,  and  sometimes  diminished.  Tne  par- 
ticular irregularities  in  the  moon^s  motion,  to  which 
the  earth  and  other  planets  are  not  subject,  arise 
from  the  action  of  the  sun,  which  disturbs  nei?  ordi- 
nary course  through  her  orbit,  and  are  all  mechani- 
cally dedudble  from  the  same  great  law  that  directs 
her  general  motion ;  namely,  the  law  of  gravitation 
and  attraction.  For  a  famiUar  idea  of  this,  it  must 
be  considered,  that  if  the  sun  acted  equally  on  the 
earth  and  moon,  and  always  in  parallel  lines,  this 
action  would  only  serve  to  restrain  them  in  their 
annual  motions  round  the  sun,  and  'no  way  affect 
their  actions  on  each  other,  or  their  motions  about 
(heir  jcommon  centre  of  gravity.    But  because  the 
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moon  is  nearer  the  sun,  in  one  half  of  her  orbit,  than 
the  eanh  is,  but  farther  off  in  the  other  half  there* 
of;  and  because  the  power  of  gravitj-  is  always  Icsf 
at  a  greater  distance;  it  follows,  thai  in  one  half  of 
her  orbit,  the  moon  is  more  attracted  than  the  earth 
towards  the  sun,  and  less  attracted  than  the  eanh  in 
the  other  half ;  and  hence  irregularities  in  her  mo- 
tions necessarily  arise  ;  the  excess  of  aciractio;!  in  the 
one  case,  and  the  dtfect  in  the  other,  becoming  3 
disturbing  force.  And  besides,  the  action  of  the 
sun  on  tiie  earth  and  moon  is  not  directed  in  parallel 
lines,  but  in  lines  that  meet  in  the  cenire  of  the  sun  ; 
which  mal>es  the  effects  of  the  disturbing  force  stil) 
more  complex  and  embarrassino;.  Hence,  conjcwillf 
with  the  various  atuations  of  the  moon  relatively  to 
the  earth  aiid  sun,  arise  the  nutnerous  irrrfrulaniies 
in  her  niotioi  f,  and  the  consequent  difficulty  of  e»- 
tablifliing  the  elements  of  her  theory. 

Al],  Nf.wto>f  wa*  the  firft  who  computed  the  ir- 
regularities from  their  causes.     In  many  parts  of  his 
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1C973  to  1 1 073  :  he  finds  also,  that  in  such  an  orbit 
her  distance  from  the  earth  in  her  quarters,  would  be 
to  her  distance  in  the  conjunctions  and  oppositions, 
as  70  to  69. 

4^3.  The  plane  of  the  moon's  orbit  is  inclined  to 
tbat  of  the  ecliptic,  making  with  it  an  angle  of  about 
five  degrees;  but  this  inclination  varies,  being  greatest 
when  she  is  in  the  quarters,  and  least  when  in  her 
syzygies. 

4i£ 4.  The  apogee  of  the  orbit  in  the  moon's 
6yzygies  goes  forward,  in  respect  of  the  fixed  stars, 
^t  the  rate  of  23^  each  day ;  and  backwards  in  the 
quadratures  i6-§^  each  day :  the  n^ean  annual  amotion 
is  therefore  estimated  at  40^^ 

425.  The  gravity  of  the  moon  towards  the  earth 
is  increased,  by  the  action  of  the  stm,  when  the  moon 
b  in  the  quadratpres,  and  diminished  in  the  syzygies ; 
and  from  the  syzygy  to  the  quadrature,  the  gravity 
of  the  moon  towards  the  earth  is  continually  increas* 
cd,  and  (he  is  continually  retarded  in  her  motion ; 
but  from  the  quadrature  to  the  syzygy,  the  moon's 
gravity  is  perpetually  diminished,  and  the  motion  in 
Her  orbit  is  accelerated. 

¥iG.  The  moon  is  less  distant  from  the  earth  at 
the  syzygies,  and  more  at  the  quadratures. 

4S7*  As  radius  is  to  \  of  the  sine  of  double  the 
moon's  distance  fi-om  the  syzygy,  so  is  the  addition 
of  gravity  in  the  quadratures,  to  the  force  which  ac- 
celerates or  retards  the  moon  in  her  orbit. 

428.  And  as  radius  is  to  the  sum  or  difference  of 
\  the  radius,  and  \  the  co-sine  of  double  the  distance 
of  the  moon  from  the  syzygy,  so  is  the  addition  of  gra- 
vity in  the  quadratures,  to  the  decrease  or  increase  of 
^e  gravity  of  the  moon  at  that  distance. 

42y.  The  apsides  of  the  moon  go  forward  when 
fbe  is  in  the  syzygies,  and  backwards  in  the  quadra- 
tures (Art.  424.).  But  in  a  whole  revolution  they 
go  forward  with  the  greatest  velocity,  when  (he  line 
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of  the  apsides  is  in  the  nodes ;  and  if  they  are  goin^ 
back  when  in  the  nodes,  their  regression  is  thep  slow* 
est  of  all,  in  the  same  revolution. 

430.  When  the  line  of  the  apsides  is  in  the  quad^ 
ratures,  the  apsides  are  carried,  /;/  comequentia,  with 
the  least  vcjocity  when  the  moon  is  in  the  gyzygies  ; 
but  they  return  the  swiftest  in  the  quadratures ;  and 
in  this  case,  the  repress  exceeds  the  progress,  in  one 
entire  revolution  of  the  moon. 

4.  1-  The  excentricity  of  the  orbit  undergoes  va« 
rious  changes  every  revolution*  It  is  the  greatest  of 
all  when  the  line  of  the  apsides  is  in  the  syzygies,  and 
the  least  when  that  line  is  in  the  quadratures. 

432.  Considering  one  entire  revolution  of  the 
moon,  c(tttns  pmihus^  the  nodes  move,  in  aniect^ 
dentWj  with  the  greatest  velocity  when  she  is  in  the 
syzygies ;  then  slower  and  slower,  till  they  are  at  rest, 
when  she  is  in  the  quadratures. 

433.  The  line  of  the  nodes  acquires  successively 
all  possible  situations  in  respect  of  the  sun ;  and  every 
year  it  goes  twice  through  the  syzygies,  and  twice 
through  the  quadratures. 

434.  In  one  whole  revolution  of  the  moon,  the 
nodes  go  back  very  fast  when  they  are  in  the  quadra* 
tures ;  then  slower  till  they  come  to  rest,  when  the 
time  of  the  nodes  is  in  the  syzygies. 

435.  The  inclhiation  of  the  plane  of  the  orbit  is 
changed  by  the  same  force  as  that  by  which  the  nodes 
are  moved ;  being  increased  as  the  moon  recedes  from 
the  node,  and  diminished  as  she  approaches  it. 

436'.  The  inclination  of  the  orbit  is  least  of  all 
when  the  nodes  are  come  to  the  syzygies.  For,  ia 
the  motion  of  the  nodes  from  the  syzygies  to  the  qua- 
dratures, and  ill  one  entire  revolution  of  the  moon, 
the  force  which  increases  the  inclination^  exceeds 
that  which  diminishes  it;  therefore,  the  inclination  is 
increased  ;  and  it  is  the  greatest  of  all  \vhen  the  nodes 
are  in  the  quadratures. 
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437«  The  moon's  motion  being  considered  in 
general,  her  gravity  towards  the  earth  is  diminished 
coming  near  the  sun,  and  the  periodical  time  is  the 
greatest ;  as  also  the  distance  of  the  moon,  cccter'us 
paribus  J  the  greatest  when  the  earth  is  in  the  perl- 
I^elion. 

43H.  All  the  errours  in  the  moon's  motion  are 
something  greater  in  the  conjunction  than  in  the  op- 
position. 

4::i9.  All  the  disturbing  forces  are  inversely  as  the 
cube  of  the  distance  ot  the  sun  from  the  earth ; 
when  it  remains  the  3ame,  they  are  as  the  distance  of 
the  moon  from  the  earth.  Considering  all  the  dis- 
turbing forces  together,  the  diminution  of  gravity 
prevails. 

Most  of  these  conclusions,  drawn  by  Newton  from 
the  nature  of  forces,  are  confirmed  by  actual  obser- 
vations on  the  moon. 

440.  Pkob.  I.  To  determine  the  time  of  the  moo  ft  s 
revolution. 

The  period  of  the  moon's  revolution  about  the 
earth,    is    called    its   periodic    revolution -j  and    the 
period  between  one  opposition  or  conjunction  and 
another,  the  synodic  revolulion  :  the  latter  of  these 
is  most  easily  determined  by  observation,  and  thence 
the  former.     In  the  middle  of  a  central  lunar  eclipse 
(Art.  5i9.)>  the  moon  is  in  direct  opposition  to  the 
5tm ;  and  though  not  exactly  so  in  other  eclipses  of 
the  moon,  is  yet  so  nearly  in  opposition,  as  to  cause 
no  sensible  errour  in  a  long  interval.     Compute  there- 
fore the  time  between  two  lunar  eclipses,  at  a  consi- 
derable  distance  from  each  other,  and  divide  this 
by  the  number  of  lunations  that  have  passed  in  the 
interval ;  the  quotient  will  be  the  quantity  of  a  syno- 
dic revolution.     Compute  the   sun's  mean  motion 
during  the  time  of  the  synodic  revolution,  and  add 
it  to  360® :  then,  as  the  sum  is  to  360** ;  so  is  the 
^tme  of  the  synodic,  to  the  periodic  revolution.    The 
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number  of  lunations  in  any  given  interval,  may  be 
found  by  dividing  it  by  29 1  days,  the  time  of  a  luna- 
nation  according  to  the  most  common  observa- 
tions. 

For  crample:  Copernicus  observed  two  lunar 
eclipses,  the  one  at  Rome  on  November  6,  150Q, 
at  tvirelve  at  night ;  the  other  at  Cracow,  on  Augufl 
I,  1523,  at  4'»  25"^  the  difference  of  meridians 
being  o^  29™  :  hence,  to  determine  the  synodic  xe? 
irolution, 

2d  observation       .     .     1523/  237^  4*"  25"* 
ist       do.     •     •     ,     •     1500    310    o    29 

Difference     .    *     .     .         22    292    3    5$ 

Intercalary  days  add    .  5 

Exact  interval    ...         22    297    3    56 

Or  8327**  3^  56"  J  which  divided  by  282,  the  num. 
ber  of  lunations,  gives  29**  12'*  41™  for  the  time  of 
the  synodic  revolution. 

From  two  other  observations  of  eclipses,  the  one 
at  Cracow,  by  Copernicus^  the  other  at  Babylon,  in 
the  year  721,  before  the  christian  aera,  as  recorded 
in  Ptolany*^  Almagest^  the  former-mentioned  per- 
son, determines  more  accurately  the  quantity  of  the 
synodic  revolution  to  be  29**  12*^  43  "\  AndM.  ^<e 
la  Lan(h\  from  a  mean  of  a  great  number  of  obser- 
vations, makes  it  29^  12*^  44'"  3'. 

Now,  the  sun's  mean  motion  in  this   interval  is 

sg""  6'  24^^"  18'''';  let  this  be  added  to  360"^ ;  then,  as 

the  sum  389^  6'  24""  18'^' :  360^  :  :  29^  12^  44"^  3'  : 

27^  7**  43'"  5%  the  m^an  periodical  revolution  \fcith 

cspect  to  the  equinoxes. 

441.  As  the  precession  of  the  equinoxes  is  50  i' 
in  a  year,  or  about  j^^^  in  a  month,  the  mean  revolu- 
tion relatively  to  the  equinoxes  must  be  less  than 
chat  with  respect  to  the  fixed  stars,  by  the  time  the^ 
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moon  is  describing  4^  with  its  mean  motion ;  this 
time  is  very  nearly  7  \  therefore  the  time  of  a  sidereal 
revolution  of  the  moon  is  27**  7**  43'  12^. 

441^.  Hence,  the  time  of  the  periodical  revolution 
being  known,  the  moon*s  diurnal  or  horary  motion, 
&€•,  may  be  found  by  the  rule  of  three :  and  thus 
may  tables  of  the  mean  motion  of  the  moon  be  con* 
structed.  Also,  if  the  mean  diurnal  motion  of  the 
smi  be  subtracted  from  that  of  the  moon,  the  re- 
mainder will  shew  the  moon's  diurnal  motion  from 
the  sun  :  and  thus  may  a  table  of  this  motion  be  con- 
structed. 

443.  The  nodes  of  the  moon's  orbit,  and  the 
place  of  the  apogee,  being  subject  to  a  motion,  the 
times  of  revolution  with  respect  to  the  nodes,  or  to 
the  apogee,  are  not  exactly  the  same  as  the  sidereal 
revolution ;  thus,  by  comparing  the  mean  motions  of 
the  moon  and  of  the  nodes,  it  will  appear  that  they 
are,  as  i  :  •00402183  ;  and  as  the  motion  of  the 
nodes  is  retrograde,  we  have  i  +  •00402185  :  i  :  : 
37^  7**  43"*  12%  the  time  of  a  sidereal  revolution  : 
37**  5h  500  36%  time  of  a  revolution  in  respect  of 
its  nodes.  The  mean  motion  of  the  apogee  is  to  that 
cf  the  moon,  as  "0084522  :  i  ;  and  the  motion  of 
the  apogee  (on  the  whole)  being  direct,  we  have  i  — 
•0084522  :  I  :  :  27**  7*^  43"^  12*  :  27**  13**  18'^  34% 
the  time  of  a  revolution  with  respect  to  the  apogee, 
or  of  an  anomalistic  reio/utio/u  These  agree  very 
pearly  with  the  determinations  of  M.  de  la  Laille. 

444.  Dr.  Halleify  when  comparing  the  ancient 
eclipses  observed  at  Babylon,  between  700  and  800 
years  before  Jesus  Christ,  and.  those  observed  by 
Albategnius  in  the  ninth  century,  with  some  of  his 
own  time,  was  led  to  the  suspicion,  that  the  moon's 
mean  motion  from  the  sun,  compared  with  the  diur- 
nal motion  of  the  earth,  is  somewhat  quicker  than  it 
was  formerly :  this  increase  of  the  moon's  motion  is 
(ailed  her  acceleration.    The  doctor  could  not  ascer- 
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tain  the  quantity  of  this ;  because  the  longitudes  of 
Bagdat,  Alexandria,  and  Aleppo,  where  the  obser- 
vations had  been    made,    were  not  then  precisely 
known.     But  since  his  time,  these  longitudes  have 
been  ascertained,  and  Mr.  l)n/ithonie,  by  comparing 
the  recorded  times  of  ancient  and  modem  ellipses, 
with    the  calculations  of  them  by  his  own  tables, 
found,  that  the  same  tables  gave   the  moon's  place 
more  backward  than  the  ti  ue  place  in  ancient  eclipses, 
and  more  forward  than  her  true  place  in* later  eclipses; 
whence  he  confirmed  the  opinion  of  Halky^  that 
the  moon's  motion  was  slower  in  ancient  times,  and 
in  modern  times  quicker  than  the  tables  gave  it. 
Also,  by  means  of  the  most  authentic  account  now 
remaining  of  an  eclipse  observed  at  Babylon,  in  the 
year  72H,  before  Jesus  Christ,  he  found,  that  theobn 
served  beginning  of  this  eclipse  was  about  an  hour, 
^d  three  quarters  sooner  than  the  beginning  by  the 
tables ;  and  that,  therefore,  the  moon*s  true  place 
preceded  her  place  by  computation  at  that  time,  by 
about  50'  of  a  degree.     Then,  adnytting  the  accele^. 
ration  to  be  uniform,  and  the  aggregate  of  it  as  the 
square  of  the  time,  it  will  be  at  the  rate  of  about  10^ 
in  100  years.     M.  tie  la  Ijonde  makes  the  secular  va- 
riation g'^'SSd,  from  eclipses  in  977  and  978.     And 
in  Mayej*^  tables  it  is  set  down  at  ^^\  beginning  at 
1700* 

443.  Dr.  LonsTj  in  the  second  vol.  of  his  Astronomy^ 
has  enumerated  some  of  the  causes  from  which  this 
acceleration  may  arise.  Either,  the  annual  and  diur- 
pal  motion  of  the  earth  continuing  the  same,  the 
moon  is  really  carried  about  the  earth  with  a  greater 
velocity  than  formerly ;  or,  the  diurnal  motion  of 
the  earth  and  the  periodical  revolution  of  the  moon 
continuing  the  same,  the  annual  motion  of  the  earth 
about  the  sun  is  retarded  ;  or,  3dly,  the  annual  motion 
of  the  earth  and  the  periodical  revolution  of  the 
]fnoon  continuing  the  same,  th^  rptation  of  the  e^tb 


Moorts  Nodes.  €65 

Upon  Its  axis  is  a  little  retarded :  in  this  case^  the 
day  and  all  its  subdivisions  being  lengthened,  the 
moon's  period  being  measured  thereby,  will  appear 
to  be  shortened,  though  it  may  be  in  reality  the  same. 
But  M.  dt  la  PlacCy  in  the  AUm.  de  I  Acad.  Roy. 
des  Hcieru  for  1786,  has  assigned  another  cause  for 
this  acceleration.  The  excentricity  of  the  earth's 
orbit  is  known  to  be  diminishing,  in  consequence  of 
the  action  of  the  planets  upon  the  earth :  but  the 
mean  force  of  the  sun  to  dilate  and  contract  the  orbit 
of  the  moon  is  propordonal  to  the  square  of  the  ex- 
centricity of  the  earth's  orbit ;  the  major  axis  re- 
maining the  same :  therefore,  by  the  diminution  of 
the  excentricity,  the  moon's  mean  motion  is  accele- 
rated. When  the  excentricity  has  arrived  at  its  ini- 
nimum,  according  to  this  principle  of  La  Flace^  the 
acceleration  will  cease ;  and  when  the  excentricity  of 
the  earth's  orbit  again  increases,  the  moon's  mean 
motion  will  be  proportionally  retarded. 

446\  Prob.  II.  'Jo  determine  the  place  of  the 
mooi^s  nodea^  and  the  time  when  the  moon  is  in  that 
place. 

1st  Method.  The  moon's  place  at  the  middle  of  a 
central  lunar  eclipse  (Art.  440.)  is  directly  opposite 
to  the  sun,  and  the  moon  is  then  in  one  of  her  nodes  > 
as  will  be  shewn  when  we  treat  on  eclipses :  therefore, 
calculate  the  sun's  true  place  at  the  middle  of  such 
eclipse,  or  deduce  the  sun's  place  at  that  time  from 
observations ;  the  opposite  point  will  be  the  true  place 
of  the  moon's  node. 

^  By  this  method,  M.  Cassini  found  the  time  and 
place  of  the  moon's  node  in  April,  1707.  A  central 
eclipse  was  observed  at  Paris,  on  April  1 6  :  the  mid- 
dle of  which  was  found  to  be  at  13^  48  "^  apparent 
time.  The  true  place  of  the  sun  calculated  for  that 
time,  was  <r  26^  19'  17^  :  the  opposite  point  to 
which  is  ift  26^  19'  17^^,  or  6*  26^  19'  jy\  the 
place  of  the  moon's  node.     Previous  to  the  eclipse 
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the  moon  had  north  latitude,  and  afterwards  soadi 
latitude ;  this  was,  therefore,  the  desceud'mg  node. 

447.  ^(l  Method.  The  place  of  the  moon^s  node 
and  corresponding  time  may  be  found  by  a  method 
fflmilar  to  the  fourth  method  we  gave  to  find  the  nodes 
of  a  planet  (Art.  349.).  Thus,  let  qp  (fig.  ^, 
PI.  IV.)  be  the  ecliptic,  P  Q^the  moon's  orbit,  ^thc 
place  of  the  moon  therein  when  on  the  meridian 
the  day  before  she  passed  the  node,  P  her  place  in 
her  orbit  when  on  the  meridian  the  day  after  the 
node  :  then,  by  means  of  the  moon's  right  ascensions 
and  declinations,  find  her  latitude  and  longitude  at 
both  times  of  passing  the  meridian,  and  then  deter- 
mine the  place  of  the  node  by  either  of  the  rules 
given  in  Art.  349.  The  time  may  be  found,  by  say- 
ing, zs  qp  the  difference  of  longitudes  between  the 
two  observations  :  yN  the  difference  between  the 
longitude  of  the  first  observation  and  the  place  of  the 
node  :  :  the  interval  of  time  between  the  two  passages 
over  the  meridian  :  the  interval  from  the  first  passage 
to  the  time  of  the  node. 

Ex.  On  March  i,  1801,  the  moon  came  to  the 
meridian  at  13^  4",  and  on  the  2d  of  March  at  13^ 
48" ;  the  longitudes  and  latitudes  at  culminating,  as 
deduced  from  the  observed  right  ascensions  and  de- 
clinations (Art.  66.)^  were,  on  the  first  day,  long. 
5'  29"^  17'  40'''',  lat.  i""  1'  22'''' N.;  on  the  2d  day,  long. 
6*  J  f  42' 49%  lat  o^  1 2'  ^T,"  S.  Therefore,  i^  1 3'  5? 
(sum  of  the  latitudes)  :  44"^  25'  9''  (difference  of  lon- 
gitudes) :  :  i""  i'  22"  (first  latitude)  :  36^  52'  38  \' 
difference  of  longitude  between  the  first  observation 
and  the  place  of  the  node:  hence  5'  29°  17'  40^  + 
36«>  52'  Q,%\J'  =  6^  6<^  10^  i8j:^  longitude  of  the 
moon's  descending  node  in  the  beginning  of  March, 
180 1.  Again,  as  44°  25'  ^"  :  36°  52'  38!^  :  :  24^ 
44'"  (interval  between  the  times  of  passing  mcrid.)  : 
20*^  32t"^;  which,  added  to  the  time  of  coming  to  the 
meridian  on  the  first  day,  gives  (after  deducting  24**) 
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Ch  xB\^  for  the  time  on  March  a,  when  the  moon  Is 
in  the  node.  This  conclusion  is  not  quite  accurate  ; 
for,  in  the  first  place,  the  triangles  C^N  y,  P/?  N,  are 
Spherical,  but  the  calculation  is  on  the  supposition 
that  they  are  plane  ;  and,  in  the  next,  we  have  sup- 
posed the  motion  of  the  moon  to  be  equable  during 
the  interval  between  the  observations,  which  is  not 
the  case.  When  the  moon's  longitude  is  required  for 
any  time  between  two  known  longitudes,  it  is  best 
done  by  the  equation  of  second  differences,  annexed 
to  Mr.  Taylor^s  Sexagesimal  Tables^  according  to  the 
method  explained  by  Dr.  Maskelyne^  in  the  A  autical 
Almanac  ;  and  the  longitude  thus  found,  being  com- 
pared with  the  longitude  as  deduced  above,  will  enable 
us  to  approximate  to  the  true  longitude  of  the  node, 
to  any  desirable  degree  of  accuracy.  But,  after  all, 
the  longitude  found  by  a  lunar  eclipse  is  most  to  be 
depended  upon. 

448.  By  comparing  the  places  of  the  nodes  at  a 
small  interval  of  time,  their  motion  for  that  interv^al  h 
obtained ;  and  then,  by  extending  the  comparison  to 
larger  intervals,  the  mean  motion  may  be  determined 
pretty  accurately.  The  motion  of  the  nodes  for  a 
short  period  is  very  irregular  (Art.  432.  434,  &c.)  ; 
but,  by  comparing  together  very  distant  observations, 
the  mean  annual  motion  is  found  to  be  about  19®  19' 
44^  in  antecedentia ;  so  that  the  nodes  make  a  com- 
plete retrograde  revolution,  with  respect  to  the  equi- 
noctial points,  in  about  18^"  228^  5h.  As  this 
motion  is  not  uniform,  certain  equations  are  given 
in  Astronomical  Tables,  to  be  applied  to  the  mean 
place  at  any  time,  in  order  to  obtain  the  true  place- 

449.  Prob.  III.  To  determine  the  incUnatiun  of 
the  moaifs  orbit. 

After  the  places  of  the  nodes  are  determined,  the 
inclination  of  the  orbit  may  be  ascertained  for  that 
period,  by  finding  the  moon's  right  ascension  and 
declination  when  she  is  90^  from  other  node,  which 
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will  be  at  the  distance  of  13**  14^  3  2'™  48'  in  tiine| 
for  from  these  the  latitude  is  readily  found,  and  this 
latitude  is  the  measure  of  the  inclination.  But  as 
this  inclination  is  liable  to  considerable  changes^  it  is 
necessary  to  have  a  long-continued  series  of  observa-* 
tions^  for  every  possible  situation  of  the  line  of  the 
nodes,  of  the  sun  and  moon  with  respect  to  that  line, 
and  of  the  earth  with  respect  to  its  distance  from  the 
sun ;  and  it  will  appear  that  the  least  inclination  is 
about  5%  and  the  greatest  about  5®  18'  6' i  the 
variations .  corresponding  with  what  has  been  already 
stated  in  Art.  435.  436. 

450.  Prob*  IV.  To  determ'me  the  place  of  the 
moon^s  line  of  apsidcsy  and  the  eccentricity  and 
greatest  eg  nation  of  her  or  hit. 

To  find  the  place  of  the  moon's  apogee,  take  with  a 
micrometer  a  great  many  measures  of  the  moon's 
diameter  when  at  or  near  the  full ;  when  those  da^ 
meters  are  at  the  least,  the  moon  is  in  apogee ;  and 
when  they  are  greatest,  she  is  in  perigee.  From  the 
moon's  right  ascensions  and  declinations  at  these 
times,  her  longitudes  ma^  be  found ;  and  from  the 
apparent  semidiameters  of  the  moon  we  have  (Art 
304.)  the  ratio  of  her  distance  from  us  in  perigee  to 
her  distance  in  apogee ;  and  thence  we  may  deduce 
the  excentricity,  as  in  the  article  just  referred  t<k 
Or,  if  two  diameters  are  found  equal  to  each  other, 
very  near  together,  the  moon  must  have  been  in  either 
the  perigee  or  apogee  at  the  middle  point  of  time: 
but  if  the  diameters  are  found  equal  at  an  interval  of 
eight  or  ten  days,  the  middle  point  may  shew  either 
the  place  of  the  apsides,  or  a  point  at  90^  distance 
from  that  line. 

4  J  1 .  The  diameter  of  the  moon  may,  in  general} 
be  best  measured  by  noting  the  time  of  her  passage 
over  the  meridian  :  call  this  time  /,  d  the  horizontal 
diameter  of  the  moon,  s  =  secant  of  her  declination, 
and  /  the  time  from  the  moon's  passage  over  the 
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itittiSaHy  on  the  day  we  want  the  diameters^  to  her 
passige  on  the  following  day ;  then  the  moon's  dia« 
meter  in  right  ascension  (Ait.  150.)  will  be  sd,  and 
we  shall  have  560^  i  sd  11 1:  t ;  consequently  d  ^a 

-J-  X  360*^  for  the  diameter  required^    It  must  here 

be  observed^  that  as  the  moon  is  at  different  distances 
from  the  spectator  when  she  is  at  different  altitudes, 
the  apparent  diameters  must  be  reduced  to  the  same 
as  they  would  have  at  any  common  altitude;  and 
this  may  be  done  by  saying,  as  the '  co-sine  of  the 
observed  altitude  to  the  co-sine  of  the  common  alii- 
tudtj  so  is  the  observed  horizontal  diameter  to  the 
diameter  at  the  common  altitude.  Where  great  ac- 
curacy is  required,  a  previous  analogy  must  be  made 
use  of,  taking  the  co-sine  of  the  true  altitude  as  cor-^ 
rected  for  refraction,  and  that  of  the  apparent  altitude 
for  the  first  antecedent  and  consequent,  and  thus 
obtaining  a  more  correct  horizontal  diameter. 

452.  Another,  and  perhaps  the  best,  method  of 
determining  the  particulars  required  in  this  problem, 
is  the  following  :  Observe,  with  all  possible  precision, 
the  place  of  the  moon,  as  frequently  as  it  can  be  done, 
throughout  the  whole  of  her  orbit ;  let  the  true 
motions  be  compared  with  the  mean  oneji,  and  since, 
in  the  course  of  a  revolution  through  h^r  orbit,  the 
moon  must  have  passed  twice  through  B^e  place  of 
the  greatest  equation,  half  the  greatest  difference  will 
be  the  greatest  equation:  andr,the  two  observations 
where  the  mean  horary  motion  differs  not  from  the 
true  horary  motion,  will  give  either  the  place  of  the 
apsides,  or  the  place  where  the  equation  is  greatest. 
If  the  moon  has  moved  through  six  sighs  of  her  orbit 
between  the  observations,  they  determine  the  place  of 
the  apsides.  The  excentricity  may  be  deduced  from 
the  greatest  equation,  by  the  method  given  in  J\it.  344- 
4^3.  The  greatest  equation,  and,  consequently,  the 

u 
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cxccntricity,  of  the  moon's  orbit,  undergo  variadoiuri 
sometimes  the  greatest  equation  is  found  to  be  about 
4^  58'  46%  at  others  nearly  y{^.  The  excentridties 
vary  from  •04333  to  •o66yy^  the  mean  distance  bdng 
I.  According  to  M.  de  la  Caille  the  mean  excentri- 
city  is  •05505.  Mayer  makes  the  mean  excentricity 
•0550357,  and  corresponding  greatest  equation  6** 
18'  31^-6. 

454.  By  comparing  the  place  of  the  moon's  apogee 

at  different  times,  its  mean  motion  is  determined  ;  and 

the  more  distant  the  times  are  chosen,  the  more  accu** 

rately  will  that  motion  be  known :  thus  Cassinij  by 

comparing  the  place  of  the  apogee  on  Nov.  29,  1686, 

at  11^7™  18*  apparent  time,  with  the  place  on  Dec. 

10,  1685,  at  lo**  38^  io«  apparent  time,  found  that  t 

revolution  of  the  apogee  was  performed  in  about  8^ 

years.     The  time  being  ascertained  thus  nearly,  he 

computed  the  mean  motion  from  a  mean  of  several 

distant  observations,  and  found  it  to  be  such,  that  a 

complete  revolution  of  the  apogee,  /;/  vonstijuimt'ia^ 

would  be  performed  in  eight  common  years,  31 1**  8^ } 

hence  the  mean  annual  motion  is  i^  10^  39'  52"^,  and 

the  daily  motion  6'  ^\^^  i'" :  this  is  in  respect  of  the 

equinoxes.     M.  ck  la  Lande  states  the  tropical  rcvo* 

lution  of  the  apogee  at  8y  311**  8"  34"^  57%   the  side^ 

real  revolution  at  8>^  312^  uh  um  ^^.^  2x\A  the  diur-* 

nal  motion  at  6'  4i^'*o698.     According  to  Ptolemih 

the  mean  diurnal  motion  of  the  apogee  is  6'  41^  a''; 

and  his  determinations  of  the  other  motions  and  irrf 

gularities  of  the  moon  are,  in  many  respects,  so  coo* 

formable  to  the  determinations  of  the  modem  astnv 

nomers,  as  prove  him  to  have  been  a  very .  diligen^^ 

and  accurate  observer  of  that  body. 

45.5.  pROB.  V.    To  dcttrmint   the  parallax^  audi 
distance^  of  the  moo)u  J 

Some  Hjethods  of  ascertaining  the  parallax  of  ttfP^ 
heavenly    odic«  were  given  in  the  fifth  chapter ;  bf F 
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6ne  of  which  the  parallax  of  the  moon  mjght  be 
found  \  but  it  is  sometimes  proposed  to  be  determined 
in  the  following  manner :  If  there  were  no  parallax, 
or  refraction,  the  difference  of  the  moon's  meridian 
altitudes,  when  at  her  greatest  north  and  south  lati* 
tudes,  would,  according  to  the  proposers  of  this 
method  • ,  be  equal  to  the  sum  of  the  two  latitudes  of 
the  moon  ;  consequently,  the  difference  between  the 
sum  of  the  two  latitudes,  and  the  difference  of  the 
altitudes,  corrected  for  refraction,  will  be  the  differ- 
ence between  the  parallaxes  at  the  two  altitudes.  .  To 
find  from  thence  the  parallax  at  the  greatest  altitude, 
put  S  and  s  for  the  sines  of  the  greatest  and  least 
apparent  zenith  distances,  X  and  x  the  corresponding 
parallaxes ;  then,  since  small  arcs  are  nearly  as  their 
sines,  when  the  distance  is  given  the  parallax  varies  as 
the  sine  of  the  zenith  distance  (Art.  83.),  we  there- 
fore have  S  :  ^  : :  X :  .r ;  hence,  by  division,  S  —  s  \  s 

f :  X  — xix-zi  --g— —  •  but  3t  —  ^r,  being  the  dif- 
ference of  the  p^alhxes,  is  given  from  the  observa- 
tions ;  therefore  a*,  the  parallax  at  the  greatest  alti- 
tude, becomes  known.  This  method  is  liable  to  many 
objections  ;  for,  it  is  therein  supposed  that  the  dis- 
tance of  the  moon  from  the  earth  is  the  same  at  both 
bbservations,  which  will  probably  not  be  the  case  ;  it 
will,  therefore,  need  correction  on  this  account.  It 
is  also  supposed,  that  the  difference  of  the  greatest 
and  least  altitudes,  corrected  for  refraction  and  paral- 
\  lax,  is  equal  to  the  sum  of  the  two  latitudes  of  the 
V  moon ;  which  is  not  true  generally,  because  the  lon- 
^  gitude  of  the  moon,  the  inclination  of  the  ecliptic  to 
-  Nthe  horizon,  and  the  ascending  or  descending  point, 
;  are  far  from  being  always  the  same,  when  the  moon 
M  at  her  greatest  north  and  south  latitudes :  but^ 
llesides  these,  the  inclination  of  the  moon's  orbit  is 

♦  See  Mr.  Vinc€M  Astrorkomy :  System,  p.  6i  j  PrindpUs,  p.  76. 
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assumed  as  known,  and  this  cannot  be  precisely  deteP* 
mined  until  the  proper  allowances  for  parallax  are 
applied ;  so  that,  in  this  method,  we  are  under  the 
necessity  of  supposing  that  to  be  known,  which  the 
operation  is  designed  to  determine. 

456.  But  the  method  described  in  Art.  90.  is  not 
liable  to  these  objections  ;  nor  is  the  following,  which 
is  given  because  it  is  peculiarly  applicable  to  the 
moon.  In  an  eclipse  of  the  moon,  observe  when  both 
horns  of  the  enlightened  part  are  in  the  same  vertical 
circle,  and  at  that  moment  take  the  altitude  of  each ; 
correct  these  altitudes  for  refraction,  and  half  their 
sum  is  the  altitude  of  the  moon's  centre  clear  of 
refraction.  Now  the  true  altitude  at  this  time  (as 
will  appear  from  the  doctrine  of  eclipses)  is  very 
nearly  equal  to  the  altitude  of  the  centre  of  the  earth's 
shadow ;  and,  knowing  the  sim's  place  in  the  ecliptic, 
together  with  the  time,  we  can  find  the  sun's  depres- 
sion below  the  horizon,  and  this  is  equal  to  the  alti- 
tude of  the  opposite  point  of  the  ecliptic,  in  which  is 
the  centre  of  the  shadow.  The  difference  betwcett 
the  true  altitude,  and  the  altitude  freed  from  refrac- 
tion, is  manifestly  equal  to  the  parallax  at  that  alti^ 
tude.  Then,  as  co-sine  of  the  apparent  altitude,  to  the 
line  of  the  parallax  at  that  altitude;  so  is  radius,  to  the 
sine  of.  the  horizontal  parallax.  Or  the  moon's 
parallax  might  be  determined,  by  observing  her  alti- 
tude and  right  ascension,  when  her  enlightened  cusps 
in  an  eclipse  are  in  a  line  parallel  to  the  equator ;  but 
the  operation  would  be  more  prolix,  and  the  conclu- 
sion less  accurate,  than  that  deduced  from  the  above  1 
method. 

The  moon's  horizontal  parallax  is  found  to  vary 
from  about  61'  32''  to  53'  52'''  (Art.  93.).  Accord- 
ing to  M,  de  la  Caillc,  the  mean  horizontal  parallax 
is  57'  5";  M.  /('  Monnlci'  states  it  at  57'  12";  othdrs 
have  made  it  57'  i8^^    Variations  Uke  these  axtss 
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from  the  spheroidal  form  of  the  earth,  and  the  fre- 
quent changes  in  the  moon's  distance. 

457.  When  the  moon's  parallax  is  known,  her 
distance  from  the  earth  may  be  found  in  the  same 
way  as  we  ascertained  that  of  the  sun  (Art.  325.). 
M.  de  la  Hire^  by  this  method,  found  her  distance 
when  in  the  perigee  to  be  about  56  of  the  earth's 
5emidiameters,  but  in  her  apogee  nearly  63!  :  hence 
he  states  the  mean  distance  at  59-1  or  60  semidiame- 
ters^  M.  de  la  Caille^  from  the  variations  in  the  pa- 
rallax, deduces  64}  for  the  greatest  distance,  ^^^  for 
the  least,  and  60^  for  the  mean;  corresponding 
nearly  with  the  former.  We  may  therefore,  since 
the  earth's  semidiameter  is  nearly  4000  miles,  state 
the  moon's  mean  distance  at  about  240000  miles : 
and  by  comparing  this  with  the  distance  of  the  sua 
from  the  earth,  we  shall  find  that  the  one  is  to  the 
other  nearly  as  i  to  390. 

458.  Prob.  VI.  Uo  determine  whether  the  curve 
described  by  the  centre  of  the  moo7i  in  one  revolution^ 
h  any'ichere  convex  towards  the  sun. 

In  order  to  simplify  this  problem,  we  will  suppose 
the  earth  to  revolve  in  a  circular  orbit  round  the  sun 
as  its  centre,  and  the  moon  to  move  round  the  earth 
in  the  same  manner  ;  also,  that  the  orbits  are  both  in 
the  same  plane,  and  that  the  radii  of  the  respec- 
tive orbits  are  as  390  to  i.  Then,  by  dividing 
the  time  of  the  earth's  revolution  through  its  orbit, 
by  the  respective  times  of  the  moon's  periodic  and 
synodic  revolution,  it  will  appear  that  there  ar« 
1 3*3688 1  of  the  former,  and  12*3 68 81  of  the 
latter,  performed  in  the  time  of  one  revolution 
of  the  earth.  Let  S  (in  fig.  i,  PL  VI.)  re- 
present the  sun,  E  the  earth,  E  H  a  portion  of 
its  orbit  passed  through  during  one  synodic  revo- 
lution of  the  moon  ;  make  S  A  :  E  A : :  1 2*3688 1 
p  I ;  then  the  arc  A  K  described  from  the  centre  S 
vitb  the  radius  S  A,  will  be  ecjual  to  the  circum^ 
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fercncc  of  the  circle  EAF;  and  when  the  moom 
is  in  conjunction  with  the  sun,  the  distance 
S  M  between  the  sun  and  moon  will  be  much  greater 
than  S  A.  Now  the  curve  described  by  the  centre 
of  the  moon  M,  E  M  being  the  semidiameter  of 
the  moon's  orbit,  is  the  same  as  would  be  dc- 
scribed  by  a  point  M  in  the  radius  E  A  of  the 
circle  E  AT  which  rolls  along  the  arc  A  K ;  it  it 
therefore  of  the  cyclo'idal  kind.  To  determine  whe- 
ther it  has  a  point  of  inflection,  put  S  A  or  S  R  zz  tf, 
E  A  or  e*  R  zz  /;,  E  M  or  ^  ;/2  iz  c,  R  m  ^i  r^Kdiz 
s ;  and  let  rn  C  be  the  radium  of  curvature  at  any 
point  w,  which,  it  is  well  known,  must  pass  through 
the  point  of  contact  R.  Suppose  the  point  n  in- 
definitely near  to  tn  ;  then  R  y  on  A  K,  and  R  r  oh 
a  I  R,  being  the  indefinitely  small  contemporary  arcs 
with  m  ;/,  and  consequently  the  triangles  P,  ^h  r  and 
R  //  r  equal  in  all  respects,  if  we  consider  the  said 
little  arcs  R  /',  R  r,  as  little  right  lines  perpendicu- 
lar to  the  radii  c  r  and  S  /*,  we  shall  have  (he  angle 
77/  R  ;/  z:  /•  R  r  =  R  r  r  +  R  S  /',  because  the  angles 
tl^r  and  S  R  /•  added  to  either  ;;/R;/  or  /•  R  r,  make 
two  right  angles.  Now  S  R  :  c  R  :  :  R  d  r  :  R  S  r, 
very  small  angles  varying  as  their  sines;  hence  SR 
:  t  R  +  S  R  :  :  R  (>  /• :  R  cw  +  R  S  /•,  that  is,  a  : 

^7  +  ^  :  :  R  e  r  ;  ;;/  R  //  z:  ' R  e  r.      Again,  in 

any  triangle,  as  d  m  ;•,  if  the  angles  m  d  /•,  vi  r  d^  and 
R  ;//  /•,  the  complement  of  the  obtuse  angle  to  two 
right  angles,  be  indefinitely  small,  they  will  be  pro- 
portional to  the  opposite  sides  /;/  ;•,  m  d^  and  df*\ 

*  For,  let  the  triangle  be  circumscribed  by  the  circle  rmd  (fif. 
J,  PI.  Vr.),  then  will  the  arches  dm  and  m  r  ditler  infinitely  link 
from  their  churdi  dm  an<l  fu  r,  which  therefore  may  be  taken  at 
equal,  to  them.  And  since  (by  Kuc.  III.  20.)  the  angle  at  thi 
centre  of  a  circle  Is  double  the  angle  at  the  periphery,  the  archrf 
or  chords  r  m  and  w  d  are  the  measures  of  doulJe  the  angles  in  dr 
and  mrd  respectively 3  or  the  angles  mdr  and  wr^arcto  cadi 
other  as  their  uppt^sitc  i»idts  r  m  ajid  vi  d:  and,  because  (by  E»c.  t 
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that  is,  dr  :  md :  :  Rmr  :  mrd'y  and  dr —  in  d 
z  dr:  :  R  m  T'^m  r  d :  Rmr;  or  niR  :  dR  :  : 

K  rfr  :  R  w  r  ;  that  is.  r:s::  — ^  :  R  w  r  =~  Re  r; 

And  agam,    R  C  ;i ;  R  w  C  : :  R  /i :  R  C,   that  is, 

mKn-^RnriRnr::  Rm:RC»  or  ^-^ — 


»  -  ar 


XRer:^  Rer::r:RC=—^^ .    Con- 

ar  a  ar  +  a6r— a* 

sequently  wiR  +  RC:;:7»C  = r^. = 

r  zz  the  radium  of  curvature  at  any  point  w. 


at 


aa  +  a6 

Now,  it  is  evident,  that  at  the  point  of  inSection, 
the  radius  of  curvature  must  be  infinite  ;  or  that,  on 
one  side  of  the  said  point,  the  expression  for  the  ra- 
dius of  curvature  must  be  affirmativey  and  on  the 
other  iiegatixe ;  therefore  r  must  be  greater  than 

— : — 7  on  one  side  of   the  said  point,    and    on 

the  other  fide,  less^  and  consequently  at  the  point 

of  inflection,  r  z= ? ;  which,  substituted  for  j\ 

makes  Cd vi  X  ni  R  zz)  r  s  —  r*  zr  ^^  ^  ■    ^/-    — 
^*,p„c;%    because  rf7«  X  ^  R  zi./'/w  X  ^'^fif;  from 


this  equation  we  have  s  zz  ■       — ,    Or,  to 

v^  a  a  ^  -f  «' 

find  r,  smce  r  ;z:  -  - — y,  .9  zi ,  and   ( a  tn 

'  ail  +  26'  «         ' 

XiwR=)  r^  — r*zi =^ iz  (f  m  Xm  a  zz) 

3a.)  the  angle  Rmris  equal  to  the  sum  of  the  angles  y/irfr  and 
r  J,  the  measure  of  it  is  the  sum  of  the  arches  or  chcjrds  r  m  aud 


m 
m 

^d  Kmr,  will  be  proportional  to  rm,  md,  and  rd. 


•    —r — 

d ',  which  differing  infinitely  little  from  the  side  or  chord  r  d, 
lay  be  considcriKi  as  equal  to  it  j  therefore  the  angks  mdr,  tn  r  (', 
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i*  ~.  c*:  from  which  we  get  ?•  r=    /^  .*'  ,  wheQ 

the  point  m  becomes  a  point  of  inflection* 

Now,  as  m  R  (::=  r}  must,  by  the  nature  of  the 
circle,  always  be  greater  than   ma;    that  is,    at 

/' — — "T"  ^^st  always  be  greater  than  b  —  c,  and 
consequently  ^ — r~7"  ^  greater  than  A— -cj*,  or 


a  +  26 


X  A  -^  c  greater  than  b  —  c  X  b  —  c;   but 

■  ■   .  X  — 7 =  ^>  and  b  —  c  X  — t": — 

r— tj   therefore  c  must   always  be  greater    Aan 

— rr  9  that  is,  E  M  must  be  gy^eater  than  a  third 

proportional  to  E  S  and  E  A,  in  order  to  have  a  point 
of  inflection  in  the  curve.  But  in  the  present  ior 
stance  ES,  E  A,  and  EM,  are  as  13*36881,  i,  and 

■  — ,  or  •03418  J  consequently  E  M  is  consider- 
ably iess  than  the  said  third  proportional,  and  thercr 
fore  the  curve  M  m  n  I  desj:ribed  by  the  centre  of 
the  moon,  has  not  a  point  of  inflection,  or  is  nor 
where  convex  tozivn^ds  the  sun. 

459.  But  a  solution  to  this  problem  may  be  deduced 
from  physical  principles,  in  a  much  shorter  compass, 
and  in  a  manner  perhaps  more  satisfactory  to  the 
mind,  as  below  :  Let  ^T  (fig.  13,  PI.  V.)  represent  a 
portion  of  the  earth's  orbit,  the  circle  L  M  the  orbit 
pf  the  moon,  S  the  sun,  and  L  the  moon  when  in 
syz\  gy  ;  let  T  represent  the  periodical  time  of  the 
earth,  and  /  that  of  the  moon ;  then  it  is  shewn  by 
the  authours  on  central  forces  (see  Emerson^  prop.  5, 
sect.  I.)  that  the  ratio  of  the  forces  by  which  the  body 
L  is  attrucied  towards  T,  and  towards  S,  is,  at  a  meaOi 

a§  —•:  .^^  ,  or  (multiplying  both  terms  by  /*)  as 
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T  L  :  TS  X  ^';  take  therefore  LA  iz:  T  S  X  y-  ; 

and  then,  the  force  by  which  the  body  L  is  drawn 
towards  T  being  represented  by  T  L,  the  force  by 
which  it  is  drawn  towards  S  will  be  represented  by 
LA«     Now  these  forces  acting  upon  the  body  L 
(by  its  v'fs  ivsita^  tending  towards  B  along  the  tan- 
gent L  B,  drawn  perpendicular  to  T  A)  in  opposite 
directions,  the  greater  force  must  necessarily  draw  it 
from  the  tangent  B  L  towards  itself,  by  a  force  which, 
at  the  instant  the  body  moves  from  L,  is  equal  to  the 
difference  betwixt  T  L  and  L  A ;  and  it  is   manifest, 
that  according  as  the  path  of  the  body  falls  adore  or 
belo^r  the  tangent  B  L  fwith  respect  to  T),  it  will  be 
concave  or  cu/ruw  towards  S.     Now,  in  the  proposed 

case  of  the  moon,  LA=:TSX;j!^:=:TSx 
Wl^^  =  TS  X  Tj^ ;  and  TL  being  about 

— -  X  T  S  ;  it  is''  manifest,  therefore,  that  at  L  the 
390 

path  of  the  moon  is  considerably  concave  towards  S  ; 
and  if  it  be  concave  at  L,  it  must  necessarily  be  more 
so  at  any  other  point  /  where  the  force  T  L  z:  /  /  is 
divided  into  two,  /  c  and  c  /,  and  only  the  one  c  I 
which  is  perpendicular  to  the  path  has  any  power  to 
bend  it ;  therefore  the  path  of  the  moon,  being  con- 
part  at  L,  is  so  throughout  f. 

♦  "  The  vis  mita,  or  innate  force  of  matter,  is  a  power  of  re- 
sisting, by  which  every  body,  as  much  as  in  it  lies,  endeavour*  to 
persevere  m  its  present  state,  whether  it  be  of  rest,  or  of  movin- 
iiiiiformly  forward  m  a  right  line."  Motte'4  Translation  ofNrZ 
ton  i  Frwapta,  book  I.  ticJinUton  3.  ^       ** 

.    +  This  problem  is  considered  very  ingeniously  by  Mr.  Madaur'w 
in  his  Account  of  ha^tons  ihdosopJucal  Discover ks,  hook  IV  Th. 
where  he  also  applies  the  theory  of  ffravitv  to  xhe  A^f.         '       ^*. 
the  aluolute  paths  of  some  of  the  s!^e£  ofl^^ntrr:;'''^"  "^ 
Vind  Mr.  Ycrgu^,  in   his  A.trofromy.   dlcrili?a'   in      '''"'"• 
vhich  he  calls  tyitTrajectonumLjarchT^Ll^^^^ 
pt^  of  the  cartl,  and  m'oon  may  be  Eeatl  ^''^  '^'  ^^^^^^^ 
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460,  Because  the  gravity  of  the  moon  towards  the 
9]m  is  found  to  be  greater,  at  her  conjunction, 
than  her  gravity  towards  the  earth,  some  [have 
apprehended  that  the  moon  ought  necessarily  to 
abandon  the  earth.  And,  indeed,  if  the  absolute  ve- 
locity of  the  moon,  at  the  conjunction,  were  less  than 
that  which  is  requisite  to  carry  a  body  in  a  circle  there 
around  the  sun,  supposing  this  body  to  be  acted  on 
by  the  same  force  which  acts  there  on  the  moon  (i.  f. 
by  the  excess  of  her  gravity  towards  the  sun,  above 
her  gravity  towards  the  earth),  then  the  moon  would 
really  abandon  the  earth.  Put  though  the  absolute 
Telocity  of  the  moon  at  the  conjunction  be  less  than 
that  of  the  earth  in  the  annual  orbit,  and  her  gravity 
towards  the  sun  greater  than  that  towards  the  earth, 
yet  the  former  gravity  is  so  much  diminished  by  the 
latter,  that  her  absolute  velocity  is  still  mucli  superiour 
to  that  which  is  requisite  to  carry  a  body  in  a  circle, 
there,  about  the  sun,  that  is  acted  on  by  the  remaining 
force  only.  Therefore,  from  the  moment  of  the 
conjunction,  the  moon  is  carried  without  such  a  cir- 
cle, receding  continually  from  the  sun  to  greater  and 
greater  distances,  till  she  arrive  at  the  opposition ; 
where,  being  acted  on  by  the  sum  of  those  two  gra- 
vities, and  her  velocity  being  now  less  than  what  is 
requisite  to  carry  a  body  in  a  circle,  there,  about  the 
sun,  which  is  acted  on  by  a  force  equal  to  that  sum, 
the  moon  thence  begins  to  approach  to  the  sun  again ; 
and  thus  recedes  and  approaches  alternately,  during 
every  revolution  about  the  earth. 

40' i.  Prob.  VII.  To  ilctaviiuc  the  vioon^s  mag" 
mi  It  (I e  and  time  of  rotation. 

The  apparent  diameter  of  the  moon  varies  from 
about  29  i'  to  34' ;  when  the  moon  is  at  her  mean 
distance  from  the  earth,  the  diameter  measures  31'  8^ 
very  nearly :  then,  as  radius  :  240000  miles  (the 
moon's  mean  distance  from  the  earth)  :  :  sine  of 
31'  W^ :  2i73"486  miles,  real  diameter  of  the  moon. 
But  as  240000  miles  is  probably  somewhat  greater 
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Aafi  the  moon*s  mean  distance  (Art.  457.),  being  es- 
timated from  the  earth*8  diameter  in  round  numbers, 
the  diameter  above  may  be  rather  too  small ;  it  is, 
therefore,  generally  reckoned  about  2180  miles.  This 
is  to  the  diameter  of  the  earth  nearly  as  20  to  73  ; 
therefore,  the  surface  of  the  moon  is  to  that  of  the 
earth  (being  as  the  squares  of  their  diameters)  nearly 
as  I  to  13  J.  And,  admitting  the  moon's  density  to 
be  to  that  of  the  earth  as  5  to  4,  their  respective 
quantities  of  matter  will  be  as  i  to  39  very  nearly. 

462.  From  the  most  careful  observations  upon  the 
moon,  it  appears,  that  she  has  always  very  nearly  the 
same  side  turned  towards  the  earth  :  hence,  if  she 
turn  upon  her  axis,  the  time  of  rotation  must  be 
equal  to  that  of  the  mooh^a  synodic  revolution 
(Art.  440.),  or  nearly  29 1  dayy.  Therefore,  though 
the  s(;lar  year  be  of  the  same  absolute  length,  both 
to  the  earth  and  moon,  yet  the  number  of  days  in 
^ch  is  very  different ;  the  former  having  nearly  365;^ 
natural  days,  whilst  the  latter  has  only  about  11 1 ^\ 
eve'ry  day  and  night  on  the  moon  being  as  long  as  29 1 

on  the  earth It  is  also  found  by  observations 

upon  the  moon's  spots,  and  calculations,  on  nearly 
the  same  principles  as  those  used  to  determine  the  in- 
clination of  the  sun's  axis  (Art.  394. )>  ^hat  the  axis 
of  the  moon  is  inclined  to  the  ecliptic  in  an  angle  of 
88^  17'  very  nearly  :  and  M.  Casaini  concludes, 
that  the  nodes  of  the  lunar  equator  agree  with  the 
mean  place  of  the  nodes  of  the  lunar  orbit,  and,  con« 
sequently,  their  mean  motions  are  the  same. 

4()  '.  /vlthough  nearly  the  same  parts  of  the  moon 
are  turned  towards  the  earth  at  all  times,  this  i«  not 
so  uniformly  the  case,  but  that  she  turns  sometimes  a 
little  more  of  the  one  side,  and  sometimes  of  the 
other  towards  us  ;  this  is  called  the  moou^n  lihra(i(fn^ 
and  is  owing  to  her  equable  rotation  about  her  own 
axis  once  in  a  month,  in  conjunction  with  her  un- 
equal motion  in  the  perimeter  of  her  orbit  round  the 
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earth.  For,  if  the  moon  moved  in  a  circle  whose 
centre  coincided  with  the  centre  of  the  earth,  and 
turned  round  her  axis  in  the  precise  time  of  her  pe- 
riod round  the  earth,  the  plane  of  the  same  lunar 
meridian  would  always  pass  through  the  earth,  and 
the  same  face  of  the  moon  would  be  constantly  and 
exactly  turned  towards  us.  But  since  the  real  mo- 
tion of  the  moon  is  in  an  orbit  nearly  elliptical,  hav- 
ing the  earth  in  one  of  its  foci,  and  the  motion  of 
the  moon  about  her  axis  is  equable  ;  that  motion,  a$ 
seen  from  the  earth,  must  be  unequal ;  for  every  me- 
ridian of  the  moon  by  this  rotation,  describing  angles 
proportional  to  the  times,  the  plane  of  no  one  meri- 
dian will  constantly  pass  through  the  earth.  Dr. 
Gregory^  in  his  Elevients  of  Astronomy ^  divides  the 
libration  of  the  moon  into  three  kinds : 

464.  I.  Her  I io  rat  ion  in  longitude^  or  a  seeming 
motion  to  and  fro,  according  to  the  order  of  the  signs 
of  the  zodiac.  This  libration  is  nothing,  twice  in 
every  periodical  month ;  viz.  when  the  moon  is  in 
her  apogee,  and  when  in  her  perigee ;  for  in  both 
these  cases,  the  plane  of  her  meridian,  which  is 
turned  towards  us,  is  directed  alike  towards  the 
earth. 

'^65.  II.  Her  Uhratinn  in  latitude^  which  arises 
from  hence,  that  her  axis  not  being  perpendicular  to 
the  plane  of  her  orbit,  but  inclined  to  it,  sometimes 
one  of  her  poles,  and  sometimes  the  other  will  nod, 
as  it  were,  or  dip  a  little  towards  the  earth ;  and  con- 
sequently she  will  sometimes  shew  more  of  her  spots, 
and  sometimes  less  of  them,  towards  each  pole.  This 
libration,  depending  on  the  position  of  the  moon, 
in  respect  to  the  nodes  of  her  orbit,  and  her  axis  be- 
ing nearly  perpendicular  to  the  plane  of  the  ecliptic, 
is  properly  said  to  be  in  latitude.  It  is  completed  in 
the  time  in  which  the  moon  returns  again  to  the 
same  positi(m  in  respect  of  her  nodes. 

400*r     III.  There  is  also,  a  third  kind  of  libration  j 
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by  which  it  happens,  that  although  another  part  of 
the  moon  be  not  really  turned  to  the  earth,  as  in  the 
former  libration^  yet  another  is  illuminated  by  the 
sun.  For,  since  the  moon*s  axis  is  nearly  perpendi- 
cular to  the  plane  of  the  ecliptic,  when  she  is  most 
southerly,  in  respect  to  the  north  pole  of  the  ecliptic, 
some  parts  near  to  it  will  be  illuminated  by  the  sun, 
while,  oA  the  contrary,  the  south  pole  will  be  in 
darkness*  In  this  case,  therefore,  if  the  sun  be  in 
the  same  line  with  the  moon's  southern  limit,  then,  as 
she  proceeds  from  conjunction  with  the  sun  towards 
her  ascending  node,  she  will  appear  to  dip  her  north- 
ern polar  parts  a  little  into  the  dark  hemisphere,  and 
to  raise  her  southern  polar  parts  as  much  into  the 
light  one*  And  the  contrary  to  this  will  happen  two 
weeks  after,  while  the  moon  is  descending  from  her 
northern  limit ;  for  then  her  northern  polar  parts 
will  appear  to  emerge  out  of  darkness,  and  the  south- 
cm  polar  parts  to  dip  into  it.  And  this  seeming 
libration,  or  rather  these  effects  of  the  former  lihra- 
tion in  latitude,  depending  on  the  light  of  the  sun^ 
will  be  completed  in  the  moon's  synodical  revolu- 
tion* 

46r.  Prob.  \11\.     To  explain  the  plmses  of  the 
vioon. 

If  the  moon's  surface  were  smooth  and  polished 
like  a  mirrour,  it  would  not  then  reflect  light  upon  all 
sides,  and  every  way  ;  but  it  would  merely  fhew  us, 
in  some  positions,  the  image  of  the  sun,  no  larger 
than  a  kind  of  point,  but  with  an  immense  lustre. 
But  the  moon  being,  like  a  primary  planet,  an  opaque, 
rough,  spherical  body,  reflecting  the  sun*s  rays  falling 
upon  it,  it  is  evident  that  the  half  of  it,  turned 
towards  the  sun,  is  illuminated  and  bright,  while  the 
other  half,  which  is  turned  from  the  sun,  continues 
obscure  and  dark.  Now,  only  that  hemisphere  of 
the  moon  which  is  towards  the  earth,  can  be 
leen  by  an  inhabitant  of  the  earth }  consequently. 
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the  pllases  of  the  moon  will  be  various,  accbrdlng  tA 
the  various  habitude  of  the  enlightened  hemisphere 
to  that  which  is  turned  towards  the  earth»  as  wai 
shewn  with  respect  to  the  phases  of  the  interiouj 
planets.  (An. 403.)-  Thus.letQJFL  1^%.3,PI.VL) 
be  a  part  of  the  earth's  orbit,  Silie  sun,  Tihccarth| 
A  C  E  G  the  moon's  orbit.  When  the  moon  h  in 
conjunction  with  the  sun,  as  at  E,  becauW  she  u 
between  the  sun  and  earth,  her  illuniinaiet)  heini> 
sphere  will  be  wholly  turned  from  the  earth,  conse- 
quently her  disc  will  be  dark :  this  is  the  time  of 
fifii'  miioiu  At  A,  being  in  opposition,  her  illuminat- 
ed hcniisphere  will  be  wholly  towards  the  earth,  and 
her  whole  disc  visible  :  this  is  the  time  ai  juU  motnt. 
At  C  and  G,  the  apparent  distance  of  the  moon  from 
the  sun  will  be  about  90° ;  whence  the  moon,  at  each 
of  those  situations,  will  be  about  hah  way  between 
the  conjunction  and  opposition,  that  is,  about  lh< 
middle  state  between  the  complete  illumination  acid 
the  entire  obscuration  of  the  disc;   consequently,  the 
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the  sun.  In  any  given  position  of  the  earth  and 
moon,  it  may  be  determined  by  a  process  nearly 
similar  to  that  which  we  had  recourse  to  in  finding  the 
illumination  of  the  inferiour  planets  ( Art«  404.  )• 
Thus,  for  instance,  when  the  moon  is  at  F,  the  earth 
and  sun  being  at  T  and  S,  the  circle  of  illumination 
will  be  represented  by  n ;;;,  and  the  plane  of  vision 
will  cut  the  moon  in  ^  r ;  nq  is  the  arc  of  .the  illu- 
minated part  which  is  visible  at  T,  and  this  will  be  pro- 
jected into  its  versed  sine,  upon  the  circle  of  vision 
y  r.  The  angle  ;/ 0  y  =:  T 0  P ;  for  /lo  P  and  H oq 
are  right  angles,  and  T  0  n  is  common  to  each,  there- 
fore the  remainders,  noq  and T 0 P,  are  equal ;  but 
ihe  external  angle  T  0  P  of  the  triangle  T  0  S  is  equal 
to  the  sum  of  the  angles  S  T  0  and  T  S  (^  ^  therefore^ 
if  the  latter  angle  be  very  minute,  S  T  0  may  be  con- 
sidered as  equal  to  T  r?  P  or  ;i  0  y,  and  their  versed 
lines  will  be  equal.  Now,  in  the  present  case,  S  T  : 
To::  390  :  i  (Art.  457.)>  ^md  the  angle  T  S  (> 
will  be  the  greatest  the  conditions  of  the  enquiry  will 
admit  of^  when  S  P  is  a  tangent  to  the  moon's  orbit, 
that  is,  when  T  r;  S  is  a  right  angle  ;  then  IS: 
To::  390  :  I  :  :  radius  :  sine  T  S  0  zz  8'  48^. 
Hence,  since  the  angle  T  S  0  never  exceeds  8'  48% 
and  is  generally  much  less,  the  angles  noq  and  S  T  o 
may  be  looked  upon  as  equal  in  delineating  the  moon's 
phases ;  and,  following  the  same  steps  as  were  traced 
out  in  the  latter  part  of  Article  404.  it  would  ap- 
pear, that  as  the  diameter  of  a  circle^  to  the  versed 
shie  oj  the  mooiCs  elongation  from  the  sun;  so  is  the 
whole  disc  of  the  moon^  to  that  part  of  it  which  is 
illuminated  by  the  sun  ;  which  part  might  be  laid  down 
from  the  elongation  being  known,  in  the  same  man^ 
ner  as  was  done  in  figs.  8,  12,  PL  V.  from  the  given 
cxteriour  angle  S  O  P  in  fig.  i  o. 

469.  According  to  the  mode  of  delineation  here 
-jKMnted  out,  the  outward  arc  B  P  C  of  the  enlight-* 
ined  part  of  the  disc  i^^  a  semicircle ;  and  it  is  iii 
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general  nearly  so  :  yet,  strictly  speaking,  it  \%  geAc 
rally  greater^  and  sometimes  less  than  a  semicirclcf 
The  moon's  disc,  as  seen  from  the  earth,  is  not 
bounded  by  a  great  circle  of  the  moon,  but  by  a  pau* 
rallel  or  less  circle ;  and  the  visible  segment  is  lest 
than  an  hemisphere.  The  circle  separating  the  en- 
lightened and  darkened  parts  of  the  moon,  is  likewise 
a  parallel  circle ;  the  dark  segment  being  less,  and  the 
light  one  greater,  than  the  hemisphere.  Therefore, 
when  the  dark  segment  of  the  moon  is  greater  than 
the  segment  visible  at  the  earth  (which  happens 
when  the  moon  is  in  perigee),  then  two  extremities 
of  some  diameter  of  the  visible  disc  may  be  involved 
in  the  dark  segment,  and  consequently  the  outward 
enlightened  arc  will  at  that  time  be  Uuss  than  a  semi- 
circle ;  but  this  can  only  take  place  about  the  change* 
And  at  almost  every  other  time  the  outward  enlight- 
cned  arc  will  be  greater  than  a  semicircle.  But  the 
difference  either  with  respect  to  excess  or  defect  is  $0 
trifling,  that  it  may  be  safely  neglected  in  a  construc- 
tion which  is  designed  not  to  ascertain,  but  to  ex- 
emplify, a  fact  deduced  from  observation. 

470.  With  respect  to  the  position  of  the  horns  of 
the. moo n^  it  may  be  observed,  that  before  the  con- 
junction, or  new  moon,  they  are  turned  towards  the 
cast ;  a/ ter  it  J  towards  the  :cest :  for  the  sun,  after 
the  conjunction,  setting  before,  that  is,  to  the  we$t 
of  the  moon,  illuminates  the  west  side  of  the  disc, 
whence  the  horn^,  which  are  towards  the  dark  part  of 
the  disc,  are  towards  the  east ;  the  reverse  takes 
place  after  the  opposition,  when  the  moon  is  seen  in 
the  east,  before  the  sun  rises.  It  will  also  be  ob- 
served with  respect  to  the  moon*s  horns,  that  the  line 
joining  their  casp^'^  or  extreme  points,  varies  much 
in  its  position  relatively  to  the  horizon,  appearing  at 
times  nearly  in  a  vertical  direction,  at  others,  so 
much  reclined  from  the  pcrpendicula'  as  to  be  nearly 
horizonuil ;  when,  as  the  country  people  express  it. 
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the  moon  lies  on  her  back*    To  explain  these  changes 
of  position,  it  must  be  considered,  that  the  cusps  of 
both  horns  will  fall  in  the  plane  which  divides  the  il- 
luminated from  the  dark  part  of  the  moon,  and  that 
the  situation  of  this  plane,  with  respect  to  us,  will  al- 
ways depend  upon  the  relative  situations  of  the  sun 
and  moon :  thus,  suppose  C  O  H,  in  fig.  4,  PI.  W.  to 
be  the  earth,  e  q  its  equator,  £  L  the  ecliptic,  in  which 
the  sun  is  at  S,  M  the  place  of  the  moon  in  her  crbit 
Mm;  then  r  .«f,  perpendicular  to  S  M,  will  be   the 
diameter  of  the   moon's  drcle  of  illumination,  or 
the  line  which  connects  the  cusps  of  her  horns ;  and 
it  is  manifest  that  the  inclination  of  this  line  to  the 
horizon  will  vary,  as  the  places  of  M  and  S  change 
with  respect  to  C  ;  that  is,  while  the  angle  M  C  R 
decreases,  and  R  C  S  increases,  the  angle  Our  v^iU 
decrease,  and  z  u  r  increase ;  and  when  M  C  R  in- 
creases, and  R  C  S  decreases,  ()  //  r  will  increase,  and 
z  u  r  decrease.     Or  we  may,  without  any  material 
errour  in  this  elucidation,  suppose  the  place  of  the 
moon  to  be  at  L  in  the  ecliptic ;  for  the  planes  of  il- 
lumination ^ /,  rv,  will  only  diflfer  from  parallelism 
by  the  angle  at  S  contained  between  the  lines  S  L, 
S  M :  now,  if  we  imagine  the    moon  at  M  to  h't 
90®  from  her  nodes,  the  arc  L  M  measuring  the 
angle  L  C  M  will  never  exceed  5*  1 8',  and  it  u  ill  be 
very  nearly  as  S  L  (391  ^  :  C  L  (ij  :  :  sine  5''   18'  : 
sine  48^1-  zz  L  S  M ;  or  if  the  moon  were  90^  from 
her  nodes  in  ;/;,  then  S  E  (389)  :  EC  (i)  :  :  sine 
c**  18' :  sine  48^7  zi  wi  SE.     And  stating  the  paral- 
lax OMC  at  i^,  it  would,  by  a  like  analog)',  be 
foimd  to  affect  the  angle  at  S  not  more  than  ft  of 
a  second:  so  that,  whether  we  consider  the  rnoon  as 
at  M  in  her  orbit,  or  L  in  the  ecliptic,  and  the  ob- 
server at  O  or  at  C,  it  can  never  cause  a  difference  of 
1^  in  the  position  of  the  line  ^  /  or  r  jt  connecting  the 
cusps.    Suppose,  therefore,  the  moon  at  L,  and  the 
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observer  at  C  ;  then,  a  i  being  the  line  of  the  cuspSf 
and  p  n  parallel  to  C  Z,  or  perpendicular  to  the  hori* 
zon,  Z  C  L  will  be  equal  to  C  c;  Uy  and  Z  C  R  and 
G  c  i  being  both  right  angles,  the  angle  n  c  /,  mea- 
suring the  inclination  of  the  cusps  to  the  vertical  line^ 
ivill  l^  equal  to  the  angle  c  C  R,  which  is  the  incli- 
nation of  the  ecliptic  of  the  horizon :  hence  it  ap* 
pears,  that  the  inclination  of  the  line  joining  the  cosps, 
to  the  horizon,  is  nearly  equal  to  the  complement  of 
the  inclination  of  that  part  of  the  ecliptic  in  whidi 
the  moon  is  at  any  time  to  the  horizon  ;-rand  con- 
versely, the  inclination  of  that  part  of  the  edipdc 
(or  or  the  ecliptic  itself)  to  the  horizon  may  be  as- 
certained, within  a  minute  of  a  degree,  by  detennia- 
ing  the  deviation  of  the  line  joining  the  moon's  cuqs, 
from  a  vertical  line :  this,  of  course,  furnishes  as 
with  an  easy  method  of  finding  the  altitude  (Art.  155.) 
of  the  nonagesinial  degree,  whenever  the  cusps  rf 
the  moon's  horns  can  be  clearly  distinguished*. 

471.  Prob.  IX.  To  find  the  altitude  of  the  lunar 
fnoimiahis. 

The  face  of  the  moon  is  greatly  diversified  with 
inequalities,  and  parts  of  different  colours,  some 
brighter  and  some  darker  than  the  other  parts  of  her 
disc ;  and  indeed  there  is  abundant  reason  to  con- 
clude that  there  are  very  high  mountains,  and  dc^ 

♦  It  may  be  observed,  that  the  line  which  connects  the  cu«ipiof 
the  moon,  is  sometimes,  though  but  seldom,  perpendicular  to  the 
horizon :  when  this  happens,  the  moon  is  in  the  nonagesimaldegfttf 
and  this  can  never  occur  when  she  is  on  the  meridian,  ezcqiC 
when  she  is  in  the  first  point  of  cancer  or  capricom.  For  the  liie 
connecting  the  cu.«ips  is,  manifestly,  perpendicular  to  the  plane  of 
the  tnangle  formed  by  lines  joining  the  centres  of  the  sun,  eaitlw 
and  moon,  that  is,  by  what  has  been  (hewn  above,  nearly  pctpn* 
diailar  to  the  ecliptic :  and  it  is  evident  from  the  nature  of  the 
sphere,  that  a  line  which  intersects  both  the  horizon  and  the  eclip- 
tic perpendicularly,  must  pass  through  the  nonagesimal  degice; 
and  can  only  coincide  with  the  meridian,  when  the  firat  points  0/ 
aries  and  libra  are  in  the  horizon,  that  is,  when  the  fint  point  of 
either  cancer  or  Capricorn  is  upon  the  meridian. 
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vales,  upon  the  xDCCii'i  rirncs.     Jtt.  x  : 
no  parts  in  the  mccr.  wiic-i  -v^s^  _a  i"n!gT^  :r  i^n:^ 
than  the  rest,  :hen.  a  rl;:"-:  ifse  is.  ±e  uf-rr-^^   ir 
quadrature,  and  an  e"iz6c  ine  bz. 
would  terminate  the  l^h:  and 
but  when  the  moon  ii  vieTred  wiri  i  siiacine    xi 
find  that  the  confines  of  mc^s  pam  irpear,  2:i  x  irtr*. 
toothed,   and  cut  wizh  innuntfTihie    icrrnc^s    srui 
breaks ;  and  even  in  the  dark  parti,  sear  ±e  ninen 
of  the  ludd  surface,  there  are  seen  acoe  xzar^izrjj 
minute  specks  enlightened  by  the  icn'i  bea?r,.i.   T^ese 
shining  points,  situated  without  the  ^-f^T^"*!^  ^f  ±e  iL  j^ 
minated  surface,  are,  we  concerre,  the  rccs  zf  iucii 
niountains,'which  rising  far  above  the  other par::^  ic  ne 
surface,  are  sooner  reached  by  the  sobr  r273.  irui  <r^ 
therefore  longer  in  the  hghc  than  dicse  pan^  -vzlcil 
are  lower*     In  ail  sinianons  ci  the  niccxu  the  t:e- 
vated  parts  are  constantly  found  to  case  a.  riin:r— ir 
shadow  in  a  direction  from  the  sun;  and,  in  v.^: 
contrary,  the  cavities  are  always  dark  on  the  iiiie  Zi^xz 
the  sun,  and  illuminated  on  the  oppc^zie   cne ;   kA 
which  is  exactly  conformable  to  what  w*  ccioT^*  'A 
hills  and  valleys  on  the  earth.     Several  aitrirxnier:, 
who  have  diligently  observed  the  face  of  the  ruxn, 
have  concluded,  that  some  of  the  mcuntaiza  ar*  t-_- 
canic  :  thus.  Dr.  Junrha  informs  ui,  :har  cr.  A^r.I 
19,  1787,  he  discovered  three  volcance^  :n  v.i:   :i.-!c 
part  of  the  moon  ;  two  of  them  seemed  :c  be  il.r-  -  t 
extinct,  but  the  third  exhibited  an  actual  cr-^'i-r.  ,: 
fire  or  luminous  matter,  resembline  a  small  z.::it  \i 
burning  charcoal,  covered  by  a  very  thin   c.i:   -,: 
white  ashes  ;  it  had  a  degree  of  brighcneii  ahc:  a.; 
strong  as  that  with  which  such  a  coal  would  be  i<^a 
to  glow  in  faint  day-light. 

472.  Some  astronomers,  as  Florent'*^  lyrp^'r'tr^'y 
Heveliusj  RiccioluMyCamm^  De  la  Jhr^r^sjid  c^therj, 
have  given  maps  of  the  face  of  the  moon,  as  \  ie^A  ed 
through  telescopes }  of  these  the  most  celebrated  arc 
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those  of  Hecetiusj  in  his  Sclamgraphiaj  in  which  he 
has  represented  the  appearance  of  the  moon  in  her 
different  states,  from  the  new  moon  to  the  full,  and 
from  the  full  to  the  new.     Some  of  these  authoun 
called  the  spots  and  shining  parts  of  the  surface  after 
the  known  names  of  different  countries,  islands,  and 
seas,  on  the  earth ;  while  others,  as  Langrenus^  and 
Ricchluf^  designated  them  after  the  names  of  philo* 
sophers,  mathematicians,  and  other  celebrated  men, 
giving  the  names  of  the  most  eminent  characters  to 
the  largest  spots :  the  latter  mode  of  distinction  is  now 
generally  adopted.     ( )f  these  spots,  forty  whose  situ- 
ations are  well  ascertained,  and  which  are  supposed 
to  be  mountauis,  are  noted  by  the  names,  Arckh 
medes^  Plato^  Arista rchus^  &c. ;  and  about  eight,  b^ 
ing  dark  and  very  extensive,  are  supposed  to  be  seasy 
and  are  called  Mare  Xubiuniy  Mare  JSeciaris,  Mart 
'Iram/uilitatis^  &c. 

473.  But  it  is  time  to  shew  the  method  of  measur- 
ing the  altitude  of  the  lunar  mouniains ;  and  first  vc 
ivill  describe  that  used  by  ///rr/V////  .  Let  D  G  E  be 
the  disc  of  the  moon  {(ig.  5,  PI.  VI.\  E  C  D  the 
boundary  of  light  and  darkness,  and  IJ  A  a  mountain 
in  the  dark  part,  the  top  of  which  just  begins  to  be 
illuminated:  he  measured,  with  a  micrometer,  or 
some  other  instrument,  the  proporLioii  of  A  E  to  the 
diameter  E  D ;  then  there  were  given  the  two  sides 
AE,  EC,  of  the  right-angled  triangle  A  EC,  from 
which  he  found  A  C  the  hypothenuse,  by  taking  the 
square  root  of  the  sum  of  the  squares  of  the  other  two 
sides :  thus  having  A  C,  cither  in  terms  of  the  moon's 
diameter,  or  in  absolute  nuuibers,  and  knowing  BC, 
he,  by  subtraction,  obtained  A  li,  the  altitude  of  the 
mountain.  In  this  way,  having  observed  the  lop  of 
the  mountain  called  Su  ( 'if/hcri/zc,  on  the  4th  day 
after  the  new  moon,  to  be  illuminated  when  it  was 
distant  from  the  confines  of  the  enlightened  hemi- 
sphere about  a  sixteenth  part  of  the  moon's  diameter, 
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he  determined 
Galileo  makes   A  £   rti.j    :.i^   rg^^ — r^    :r     •    - 
and  lh\\l!i,-<  cr-lv  cut  —  iiir^-riad: .  :zif  i.^-rrz- 
these  gives  about  z\  Trl.tz^  iz.z  riii  iinr"  ;"  n— - 
for  AB  the  hdeht  c:  'Jit  r::iir::i:r ;  ii*i-  — .ru 
the  smallest  of  these  rc-rJTi  :?  :.•:  iLrri- 

474.  The  precedirig  T:.t'\~.<.  irL.  ::l^  r^  "_rrf  rr'^z 
result  when  the  mc-::-.  i?  in  c:-iirLr>r=-,  .r  -ii  ir^.- 
rent  disc  cKchotomizei :  :ht  ::_rxi:Lr  rfii^i-  t:::l'ii  . : 
is,  therefore,  given  by  Dr.  !{-".  '■:  .  iz.  -ir:    J- 
yhfffy.  i78i.      Suppose  RCB  th*  rj-or.     fr.   ". 
PI.  VI. ),  F  the  place  of  the  eari,  A  B  ±t  :!■:  j=k^^ 
draviT  FAy;  and  Eo  perTjenciciIir  r?   liie  •=:•:•:  r': 
radius  RC;  also  A^  prrrencicalzr  to  SA-  zr^i  z,  • 
perpendicular  to  //  F,  or  parallel  te  R  C.     N:Tr  Z   ■  . 
when  seen  from  the  eanh  a:  c,  at  tbe  tint  ::  i:t 
moon's  quadratures,  would  measure  hs  fill  -tnr-.:  . 
but  it  gives  E  r  fcr  its  me^i^-re,  vhes  ac^n  fr.  _■   ?. 
The  plane,  in  which  are  SA,  FA,  tinr  it-^-:-- 
cular  to  a  line  joining  the  cusps*  ir.t  ir:-t  ?.  L  2 
may  be  looked  upon  as  a  sectim  c:  :re  :r.»:»::.  T-tn-irr.- 
dicular  to  that  line ;  then  it  is  manife?:  liic.:  'JLz  ir^.z 
S  E  ^,  or  E  C  R,  is  very  neiirly  equal  t?  the  t'.'.z^n.-  . ' 
of  the  moon  from  the  sun    Art.  .16?.   :  ar.r  '.:.-,    -- 
angles  E  r  A,  E  C  '^ ,  beinc:  similar   for  .  E  R.  C  Z  .-. 
are  right  angles,  from  each  cf  which  takir.z  C  Z    , 
the  remainders  C  E/;,  rE  A.  are  equal,  Lm.  :  r.  -- 
quently,   the   right-angled  trians^les  to   -ri:::.    -.r.-v 
belong  are  equi-angular},  we  have,  there:-:-.  L  . 

EC::Er:EA  =  :^^^il^  =  Er  divided  iv  -'^^ 

ho  - 

sine  of  elongation,  radius  being  uniry  :  t'r.rr.  },  .i 
being  determined,  we  find  A  B  as  in  the  r:.'r\..i  - 1 
liicdohi'i.  Dr.  Iltrschcl  gives  these  direc::':  ?  ir 
measuring  the  line  E  r  ;  set  the  immoveable  heir  .f 
the  micrometer  parallel  to  I K,  then  moving  the  o:hjr 
hair  parallel  to  it  from  E  to  /•  on  the  disc,  it  gives  rhc 
measure  of  E  r.     Or,  observe  some  spot  near  to  L, 
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to  which  the  line  £  r  is  directed,  or  take  a  view  of 
die  shadow  of  some  neighbouring  mountains  ;  either 
of  these  will  point  out  a  line  perpendicular  to  that 
which  joins  the  cuq>s,  by  which  the  micrometer  may 
be  set.  Or^  if  the  micrometer  be  furnished  with  a 
hair  perpendicular  to  the  moveable  wire,  and  that 
hair  be  made  to  coincide  with  £  r,  it  at  once  gives 
the  position  of  the  mountain. 

475.  Dr.  HerAchcl  observed  a  mountain  in  the 
south-east  quadrant,  and  found  the  angle  undor 
which  £  r  appeared  to  be  40^*625,  when  the  sun's 
distance  from  the  moon  was  1 25^  8':  hence  40^*625^ 
divided  by  *8i04  (the  natural  sine  of  the  angle  of 
elongation),  gives  50^*1 3,  the  angle  under  which  £  A 
would  appear,  if  seen  from  e.  Now  the  semidiamder 
of  the  moon  was  16^  2*6^,  and,  taking  its  real  lengdi 
to  be  1090  miles,  we  have  £  A  s=s  56*73  miles,  and 
A  B  s=s  I  *47  miles. 

476.  Many  of  the  lunar  mountains  were  measured 
by  Dr.  Herschtl^  and  the  admeasurements  led  him  to 
the  remarks  below:  "  From  these  observations  I  believe 
^^  it  is  evident,  that  the  height  of  the  lunar  mountains, 

in  general,  is  greatly  overrated ;  and  that,  when 
we  have  excepted  a  few,  the  generality  do  not 

**  exceed  half  a  mile  in  their  perpendicular  eleva* 

«  tion/' 

477.  It  is  rather  extraordinary,  that,  if  we  apjJy 
the  mode  of  calculation  given  by  Dr.  Herschti,  to 
the  admeasurement  of  Uicciolus^  the  result  will  give 
the  altitude  of  the  mountain  considerably  greater  Uian 
it  was  thought  to  be,  even  hy  Ricctolu.^  himself. 
For,  when  the  moon  is  four  days  old,  her  elongadon 
from  the  sun  will  be  about  48*"  48';  therefore,  •o6i5 
(Kr)  divided  by  7524  (nat.  sine  of  elong.),  gives 
•083  for  AE;  whence  A  B  is  found  to  he  nearly 
fifteen  miles!  This  altitude  considerably  exceeding 
the  bounds  of  probability,  we  cannot  help  concluding 
that  some  great  errour  attended  the  observation  « 
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Ricclolus.  Srnce  micrometers  were  not  invented,  or, 
at  least,  the  invention  was  not  publicly  known*,  till 
about  ten  years  before  the  death  of  Jticciolusj  it  is 
probable,  either  that  he  took  the  measure  without  a 
micrometer,  or  that  the  one  he  used  was  very  incom« 
plete,  and  in  either  case  a  material  eirour  might  take 
placet* 

47^.  It  has  been  a  long  controverted  question. 
Whether  the  moon  have  an  atmosphere,  or  not  ?  But 
the  very  careful  and  accurate  observations  of  modem 
astronomers  have  now  nearly  placed  the  matter 
beyond  all  doubt.  Since  the  moon  has  mountains 
and  valleys  like  the  earth,  and  appears  nearly  the  same 
with  respect  to  shape,  and  the  nature  of  her  motions, 
a  strong  argument  for  the  existence  of  a  lunar  atmo« 
sphere  mignt  be  drawn  from  analogy :  but  we  may 
appeal  to  more  weighty  evidence,  the  evidence  of 
facts.    Thus  it  has  been  observed,  that  the  moon 


*  For,  although  Mr.  Gtucoigne  mveated  the  micToineter  before 
the  civil  wars  in  the  reign  of  ChurUi  I.  his  invention  was  probably 
not  at  all  known  till  after  the  publications  of  Azout  and  llaygrns, 
in  1666  and  1659^  wherein  their  respective  inventions  are  de- 
fcribed. 

f  Since  the  above  was  written,  the  authour  has  learnt  that 
M.  Sckroeler,  the  learned  and  diligent  astronomer  of  Lilienthal, 
published  some  time  ago,  a  work  on  the  heights  of  the  lunar  moun- 
tiins^  as  compared  with  those  of  the  earth ;  and  lately  he  has  pub« 
lished  a  new  work  on  the  height  of  the  mountains  of  venus.  He 
dcdttoes  bis  conclusions  from  the  prcjedion  of  the  shadows  tormed 
by  these  mountains  whea  they  begin  to  appear  on  their  horizon  in 
regard  to  us,  or  when  they  are  about  to  disappear  below  the  hori- 
200.  He  has  found  that  the  moon,  which  is  about  thirty-nine  times 
amaller  than  the  earth,  has  mountains  more  than  fottr  thousand 
toiscs  in  height;  whila  that  of  Chtmboraco,  gne  of  the  Andes 
in  South  America,  the  highest  mountain  of  our  globe,  is  little 
more  than  three  thousand.  Venus,  which  is  less  than  the  earth  by 
a  mnth  (according  to  his  admeasurement),  has  mountains  twenty- 
three  thousand  toises  in  height.  The  French  toise  it  to  the  English 
fiUhom  as  I*  to  1*0664.  The  highest  mountains  on  these  three 
globet  appear  all  to  be  volcanic.    Ske  Journal  dc  Fh^tique,  Frairiai^ 

4**  7*    ■ 
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k  may  first  be  considered,  that  the  moon  is  always 
opposite  to  the  sun  when  she  is  in  full ;  that  she  is 
full  in  the  signs  pisces  and  aries  in  our  harvest  months, 
those  being  the  signs  opposite  to  virgo  and  libra,  the 
signs  occupied  by  the  sun  in  that  season ;  and  that 
those  parts  of  the  ecliptic  (in  which  the  moon  then 
is)  rise  from  the  horizon  in  northern  latitudes  in  a 
smaller  angle,  and,  of  course,  equal  spaces,  in  shorter 
intervals  of  time  than  any  other  points,  as  may  be 
easily  shewn  by  the  celestial  globe;  consequmtly, 
since  the  moon's  orbit  deviates  not  much  from  tke 
ecliptic,  she  rises  with  less  difference  of  time,  or  more 
immediately  after  sun-set,  about  harvest,  than  whdl 
she  is  full  at  other  seasons  of  the  year. 

481.  The  moon  rises  with  nearly  the  same  diftr* 
cnce  of  times  in  every  revolution  through  her  oibfti 
when  she  is  in  the  signs  pisces  and  aries  ;  a^d  henoe 
it  may  be  asked,  why  we  never  observe  this  remark- 
able rising  but  in  harvest  ?  The  answer  is  obvious: 
for  in  winter  these  signs  rise  at  noon,  and,  being  tbea 
only  a  quarter  of  a  circle  distant  from  the  sun,  the 
moon  in  them  is  in  her  first  quarter,  and  rising  about 
noon,  when  the  sun  is  in  his  meridian,  the  pheno- 
menon is  neither  perceived,  nor  regarded.  In  spring 
these  signs  rise  with  the  sun,  because  he  is  then  in 
them ;  of  course  the  moon,  in  conjunction,  risei 
nearly  with  the  sun,  and  is  invisible.  In  summer 
these  signs  rise  about  midnight,  and  the  sun  being 
then  three  signs,  or  a  quarter  of  a  circle,  before  them, 
the  moon  is  in  them  about  her  third  quarter,  when 
rising  so  late,  and  giving  but  little  light,  the  pecu- 
liarity of  her  rising  passes  unobserved.  But  in  au- 
tumn these  signs,  being  opposite  to  the  sun,  rise  when 
he  sets,  with  the  moon  in  opposition,  or  at  the  full, 
which  makes  her  regular  rising  very  conspicuous  at 
fhat  time  of  the  year.  The  sun  enters  libra  about  the 
23d  of  September,  and  the  full  moon  which  is  nearest 
that  day,  is,  properly  speakings  the  haixe^t  moon* 
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482.  These  circumstances  would  regularly  take 
place,  if  the  moon's  orbit  coincided  wiih  the  plane  of 
the  ecliptic ;  but,  as  her  orbit  makes  an  angle  with 
the  ecliptic,  varying  from  5°  to  5^^  1 8',  and  crosses  it 
only  in  the  nodes,  her  rising  when  in  pisces  and  aiies  * 
will  sometimes  not  differ  above  1 ''  40'  through  the 
whole  of  seven  days  ;  and  at  other  times,  vhen  in  the 
same  two  signs,  the  time  of  her  rising,  in  the  course 
of  a  week,  will  differ  full  3  \  hours,  according  to  the 
different  positions  of  the  nodes  with  respect  to  those 
signs  ;  which  positions  are  constantly  changing,  the 
nodes  going  backward  ( Art.  448.J  through  the 
whole  echptic,  in  about  eighteen  years,  228  days. 
This  revolution  of  the  nodes  will  cause  the  harvest 
moons  to  go  through  a  whole  course  of  the  most 
and  least  beneficial  states,  with  respect  to  the  harvest, 
in  about  nineteen  years.  The  following  table  shews 
in  what  years  the  harvest  moons  are  most  or  least 
Iwaeficial,  from  the  year  i;ioo  to  1861  :  the  columns 
irf  years  under  the  letter  L  are  those  in  which  the 
harvest  moons  are  l.ast  beneficial ;  those  marked  M 
lew  when  they  are  most  beneficial ;  the  former  falling 
pearest  the  descending  node,  the  latter  nearest  the 
■scending  node. 
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485.  Prob.  XI.  To  account  for  the  great  apparent 
masnltiule  of  the  horizontal  moon. 

The  great  apparent  magnitude  of  the  moon,  and 
indeed  of  the  sun,  at  rising  and  setting,  is  a  phenome- 
non which  has  greatly  embarrassed  almost  all  who 
have  endeavoured' to  account  for  it.  According  to 
the  ordinary  laws  of  vision,  they  should  appear  to  be 
least  when  nearest  the  horizon,  being  then  farthest 
from  the  eye ;  and  yet  it  is  found  that*  the  «.'ontrary  is 
the  fact.  The  apparent  diameter,  when  viewed  in 
the  horizon  by  the  naked  eye,  is  two  or  three  times 
larger  than  when  at  the  altitude  of  30"*  or  40** ;  and 
yet  when  measured  by  an  instrument  her  diameter  is 
not  increased  at  all. 

484.  Gassendm^  Hobhs^  7)c  JVtlj  Dr.  //>////.%  Iks 
Cariesy  and  others,  have  attempted  to  account  for 
this  phenomenon  ;  but  as  their  respective  hypotheses 
are  now  abandoned,  it  would  be  useless  to  recite 
them  in  this  place.  Dr.  Drsaoif/icrs  appears  to  have 
been  the  first  who  came  near  the  true  explication  of 
the  appearance:  he  proceeded  on  the  supposition 
that  the  visible  heavens  seemed  to  an  observer  to  be 
only  a  small  portion  of  a  spherical  surface,  he  would, 
therefore,  regulate  his  judgment  of  the  magnitude 
of  objects  agreeably  to  this  notion.  Mr.  Roinmi;!^ 
in  his  SifstDu  of  Aa/nrat  Philo.sophy^  assigned  the 
same  cause  of  the  phenomenon,  but  did  not  enter 
into  a  full  explanation,  because  he  was  in  expcctatioa 
of  seeing  the  subject  considered  at  large,  in  Dr. 
Smitfis  Optics^  which  vv'ere  then  preparing  for  the 
press.  Accordingly,  when  Dr.  SmiHih  treatise  ap- 
peared, it  was  found  that  he  had  pursued  the  idea  of 
Dr.  Dcsagulicrs  with  much  ingenuity  and  success: 
the  mode  of  illustration  he  adopted  is  here  given, 
premising  his  determination  of  the  apparent  cur\'aturc 
of  the  sky. 

485.  "  The  concavity  of  the  heavens,"  says  the 
doctor,    "  appears  to  the   eye,  which   is   the   only 
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judge  of  an  apparent  figure,  to  be  a  less  poriiou 
of  a  spherical  surface  than  a  hemisphere :  I  mean 
that  the  centre  of  the  concavity  is  much  beiow  the 
eye;  and  by  taking  a  niedium  among  several. obser- 
▼ations,  I  find  tlie  apparent  distance  of  its  parts  at 
the  horizon  is  generally  between  three  and  four  times 
greater  than  the  apparent  distance  of  its  parts  over- 
Ecad.  For,  let  ihe  arch  ABCD  (fig.  7,  PL  VI.) 
rejircscut  the  apparent  concavity  of  the  sky,  O  the 
place  of  the  eye,  O  A  and  O  C  the  horizontal  and 
vertical  apparent  distances,  whose  proportion  is  re- 
quired. First  observe  when  the  sun,  or  the  moon, 
pr  any  cloud  or  star,  is  in  such  a  position  ai  B  that 
the  apparent  arches  B  A,  EC,  extended  on  each 
ude  of  this  object  to^rard^  the  horizon  and  zenith, 
•ecm  efjual  to  the  eye  ;  then  taking  the  altitude  of 
rile  object  B  with  a  quadrant,  or  a  cross-stafl',  or 
finding  it  by  astronomy  from  the  given  time  of  ob- 
servation, the  angle  AOB  is  known.  Drawing 
therefore  the  ii/ie  O  B  in  the  position  thus  deier- 
.inuied,  and  taking  in  it  any  point  B  at  pleasure,  in 
the  vcrtlcnt  line  CO  produccil  downwards  setk  the 
centre  F.  of  a  circle  ABC,  whose  arches  B A,  BC, 
inierccpted  between  B  and  the  legs  of  1  he  right  angle 
AOC,  siiall  be  equal  to  each  other;  then  will  this 
arch  ABCD  represent  the  apparent  figure  of  the 
•ky.  For  by  the  eye  wc  csiimaie  the  distance  be- 
tween any  two  objects  in  the  heavens  by  the  quantity 
•of  aky  that  appears  to  lie  between  them ;  as  upon 
earth  we  estimate  it  by  the  quantity  of  ground  that 
lies  between  them.  The  centre  F.  may  be  found 
geometrically  by  constructing  a  cubic  equation,  of 
ai  quick  and  vulTicienlly  esact  by  trying  whether  the 
chords  B  A,  B  C,  of  tnc  arch  ABC  drawn  by  conJ 
jecture,  are  equal ;  and  by  alierin^  its  radius  B  E 
till  they  arc  so.  Now,  in  making  several  observa- 
,  lions  upon  the  sun,  and  some  others  upon  the  moon 
and  stars,  they  seemed  to  me  to  bisect  the  vertical 
arch  ABC  at  B,  whfn  their  apparent  altitudes  or 
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the  angle  A  O  B  was  about  23  degrees  i  which  f^M 
the  proportion  of  O  C  to  O  A  as  3  to  lo,  or  as  i  to 
3  J,  nearly.  When  the  sun  was  but  30  degrees  higb^ 
the  upper  arch  se^^med  always  less  than  the  under^ 
and  1  think  always  greater  when  the  sun  was  about 
18  or  20  degrees  high. 

4^6.  ^^  I  have  been  the  more  particular  in  contH 
dering  the  apparent  figure  of  the  sky,  because  I  do 
not  find  it  has  ever  yet  been  determined ;  altbou^^ 
it  be  absolutely  necessary  to  a  satisfactory  solutioa 
of  several  noted  appearances  in  the  lieavens.    For 
instance,  supposing  the  arch  A  B  C  to  represent  that 
apparent  concavity  (fig.  8,  PI.  VI.).     I  find  the  dia- 
meter of  the  sun  or  moon  will  seem  to  be  greatCi  in 
the  horizon  than  at  any  proposed  altitude,  measured 
by  the  angle  /\  O  B,  in  the  proportion  of  its  appic 
rent  distances  '  >  A,  (>  B.     The  numbers  that  express 
these  proportions  are  set  down  in  this  table,  over 
against   the  corresponding  altitudes  of  the  sun  or 
moon,  and  are  also  exactly  » epre- 
^ented  to  the  eye  in  the  figure,  in 
which  the  moons  placed  in  the  qua- 
drantal  arch  F  G,  described  about 
the  centre  O,  are  all  equal  to  each 
other,  and  rej  resent  the  body  of 
the   moon   at    the    heights   there 
noted ;  and  the  unequal  moons  in 
the  concavity  A  3  C  are  terminated 
by  the  visual  rays  that  come  from 
the  circumference  of  the  real  moon,  at  those  heights^ 
to  the  eye  at  O.     The  diameters  of  these  unequal 
moons  at  /^  and  B  do,  therefore,  bear  the  same  pro- 
portion to  each  other  as  their  apparent  distances  O  A» 
OB^  and  they  must  appear  in  the  very  same  pro- 
portion that  they  really  have  in  this  concave,  because 
we  judge  all  objects  in  the  heavens  to  be  in  this  very 
suriace  ;  and  so  the  appearance  to  the  eye  is  exacdy 
the  same  as  if  several  moons  were  painted  upon  a 
real  surface  A  B  C  in  the  proportions  here  assigned; 
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in  which  case  we  should  certamly  judge  the  real  mag- 
nitudes of  the  larger  paintings  or  the  lower  moons  to 
be  really  larger ;  though  the  visible  magnitudes  of 
.  them  all,  answering  to  their  equal  images  upon  the 
retina,  were  exactly  equal." 

4S7.  In  confirmation  of  this  theory  of  the  causeof  the 
horizontal  moon,  Dr.  Smith  observes,  that  if  we  take 
two  stars  near  each  other  in  the  horizon,  and  two  others 
near  the  zenith,  at  the  same  real  angular  distance 
from  each  other,  the  two  former  will  appear  at  a 
much  greater  distance  from  each  other  than  the  two 
latter.  Upon  the  same  principle  also  the  lower  part 
of  a  rainbow  appears  broader  than  the  upper  part : 
and  from  this  there  is  reason  to  conclude  that  the 
fcuntness  of  the  object  enters  not  into  any  part  of  the 
cause.  The  doctor  also,  in  his  Remarks  in  vol.  II. 
,  farther  adds  the  following  observations  upon  this  sub- 
ject. *'  In  these  articles  I  have  shewn  in  general 
why  the  moon  appears  always  larger  in  the  horizon 
than  in  the  meridian,  and  have  confirmed  the  reason 
of  it  by  experiments.  I  say,  in  getieral^  because  it 
is  agreed,  that  at  diflferent  times  the  horizontal  moon 
appears  of  diflferent  magnitudes  even  in  the  same  ho- 
rizon, and  now  and  then  of  a  size  extraordinarily 
laree.  This,  I  am  inclined  to  believe,  is  chiefly 
owmg  to  an  extraordinary  largeness  of  her  picture 
on  the  retina  at  those  times  ;  which  picture  in  the 
present  theory  was  supposed  invariable.  This  might 
best  be  examined  by  taking  her  diameters  with  a 
micrometer ;  or,  because  this  instrument  is  seldom 
at  hand,  by  registering  the  year  and  day  of  the 
month,  together  with  the  heights  of  the  barometer 
and  thermometer.  For  if  it  should  appear  by  many 
such  observations  that  the  largest  horizontal  moons 
happened  generally  at  her  perigee  in  the  warmest 
summer  evenings,  the  barometer  being  low  and  the 
thermometer  high ;  and,  on  the  contrary,  that  tb^ 
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smallest  horizontal  moons  happen  generally  at  Bcr 
apogee  in  the  coldest  winter  mornings,  the  barome- 
ter being  high  and  the  thermometer  low ;  we  might 
reasonably  conclude,  that  these  extraordinary  moons 
are  chiefly  owing  to  the  concurrence  of  these  three 
independent  circumstances. 

48^^.  "  Since  the  picture  of  the  horizontal  moon 
is  constantly  more  or  less  contracted  by  rejFractions, 
and  that  of  the  meridional  moon  at  her  greatest 
height  with  us,  of  60  or  65  degrees,  scarce  sensibly, 
it  follows  that  in  these  two  positions,  the  diameters 
of  her  disc  considered  as  portions  of  the  concave 
sky,  must  be  in  a  less  ratio  than  that  of  their  appa« 
rent  distances  in  the  sky.     Because,  in  the  present 
theory,  the  moon's  picture  was  supposed  invariable 
during  her  ascent  or  descent.     1  he  ratio  of  those  ap* 
parent  distances,  by  the  table  in  Art.  486.  is  about 
I  to  3,  or  3  to  9  ;  and  this  would  be  the  ratio  of  the 
diameters  of  her  circular  discs  in  the  concave,  but 
for  refractions  ;  by  which  alone  I  reckon  the  hori- 
zontal disc  is  generally  contracted  in  the  ratio  of  two 
circles  whose  diameters  are  nearly  as  9  to  8.     There- 
fore the  highest  meridional  disc  is  generally  to  the 
horizontal  one  but  as  3  to  8  in  diameter.*' 

481).  Prob.  XII.  1  ofuid  the  mooii'.s  agc^  and  time 
of'  C(nnih<j;  in  tlie  souflu 

To  find  the  moon's  age  in  days  at  any  given  time, 
requires  a  knowledge  of  the  tjfdc/,  which  is  the  ex- 
cess of  the  solar  month  above  the  lunar  synodicai 
month  ;  or  of  the  solar  year  above  the  lunar  year  of 
1 2  synodicai  months  ;  or  of  several  solar  months  or 
years,  above  as  many  synodicai  months,  or  dozens 
of  synodicai  months.  The  epact  for  the  beginning  of 
any  year  may  be  found  very  easily,  by  reckoning  from 
the  time  of  the  last  nituni  conjunction  ;  but  it  is  gene- 
rally stated  among  the  chronological  notes  in  the 
Almanacs.     The  monthly  epacts  are  the  moon's  age 


Moorfs  Age  and  Southing. 


321 


at  the  beginning  of  each  month,  when  the  solar  and 
lunar  year«  begin  together ;  and  are  thus  s 
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490.  Then  knowing  the  epact  at  the  beginning  of 
the  year,  to  it  must  be  added  the  number  of  the 
month  in  the  above  table,  and  the  day  of  the  month  ; 
their  sum  abating  thirty,  if  it  exceed  that  number, 
is  the  moon's  age ;  and  her  age  taken  from  30,  shews 
the  day  of  the  change. 

4i/ 1  •  To  find  nearly  the  time  of  the  moon's  south- 
ing or  coming  to  the  meridian,  take  |  of  her  age, 
which  will  be  nearly  the  time ;  after  noon  if  it  be  less 
than  1 2  hours ;  but  if  greater,  the  excess  is  the 
time  after  the  last  midnight. 

49'2*  But  the  above  rule  being  merely  a  gross  ap- 
proximation, one  of  the  following  may  be  used,  as 
being  more  accurate. — Calculate  the  longitude  and 
latitude  of  the  moon,  as  also  the  longitude  of  the 
sun,  and  their  right  ascension,  for  noon,  or  any  other 
hour  of  the  given  day,  in  the  meridian  of  the  given 
place ;  and  subtract  the  sun's  right  ascension  from 
the  moon's,  both  being  expressed  in  time ;  the  re- 
mainder is  nearly  the  time  wHen  the  moon  is  on  the 
meridian.  Calculate  the  right  ascensions  of  the  sun 
and  moon  again  for  this  time,  and  then  subtract  as 
before  ;  the  true  time  when  the  moon  is  on  the  me- 
ridian will  be  expressed  by  the  remainder.  If  great 
precision  is  required,  calculate  the  right  ascensions 
again  for  the  time  now  found,  and  subtract  as  be- 
fore. 

4.93.  Or,  the  moon's  right  ascension  being  calcu- 
lated from  her  longitude  and  latitude,  and  converted 
into  time,  subtract  the  sun's  right  ascension  in  time 
at  noon  from  it,  to  find  the  time  of  the  moon's 
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passing  the  meridian  nearly,  which  call  T  ;  take  the 
difference  of  the  sun^s  and  moo.'s  daily  variations  in 
right  ascension  in  time,  which  call  X  ;  then  say,  by 
the  rule  of  proportion,  as  24''  —  X  :  T  :  :  X  :  e,  and 
T  +  t'  will  be  the  correct  time  of  the  moon's  passing 
the  meridian. 

494.  But  it  may,  in  some  instances,  be  found  more 
readily  by  continual  approximation  as  follows :  Take 
the  proportional  part  of  the  difference  of  the  sun's 
and  moon's  daily  motion  in  right  ascension,  answer- 
ing to  the  time  of  the  moon's  passing  the  meridian, 
found  nearly  in  proportion  to  24  hours ;  and  take  a 
farther  like  proportional  part  of  this  proportional  part ; 
and  again  of  this  last,  and  so  on  as  far  as  is  necessary.  The 
sum  of  all  these  proportional  parts,  added  to  the  ap- 
proximate time  of  the  moon's  passing  the  meridian, 
gives  the  apparent  time  of  her  passing  the  meridian* 
N.  B.  The  last  two  rules  may,  without  difficulty,  be 
applied  to  the  determination  of  the  culminating  of  the 
planets  ;  observing  only,  if  the  planet's  motion  be  re- 
trograde, to  take  the  sum,  where  the  difference  is  r^ 
quired  for  the  moon,  ct  contra  ;  and,  if  the  planet's 
motion  in  right  ascension  be  less  than  that  of  the  sun, 
the  proportion  in  Article  493.  becomes  24^  -}-  X:T 
: :  X  :  r,  and  T  —  r,  will  be  the  correct  time. 

Dr.  Mufihcltinc  has  thus  exemplified  the  last  rule: 
Let  it  be  required  to  find  the  time  of  the  itioon's 
passing  the  meridian  July  i,  1767  ?..  .  The  sun's 
R.  A.  in  time,  July  i,  is  6^^  40"^  25%  and  July  2,  is 
6-'  44"^  33'  by  the  Kphcmcvis.  Therefore  his  daily 
motion  in  R.  A.  is  4'  8^.  The  moon's  R.  A.  July  i> 
at  noon,  by  the  Uphcmeris^  is  159**  2',  answer- 
ing to  10''  36"^  8^  of  time,  and  July  2,  is  169®  39',  an- 
swering to  1 1'^  18"^  36^  The  difference  is  42™  48*  of 
time,  from  which  4"»  8*  being  subtracted,  leaves 
38"^  2o^  Subtract  6 '  40"  2o<  the  sun's  R.  A.  July 
I,  at  noon,  from  lo-'  36m  8%  the  moon's  R.  A.  the 
same  noon,  the  remainder  3^'  $5"^  43'  i*  ^^^  approx^ 
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imate  time  of  the  moon's  passing  the  meridian. 
The  proportional  part  of  38^  20'  answering  to  this, 
is  6"'  17,  and  the  proportional  part  of  6"  17  is  g-  ; 
therefore  6  "  17^  and  9, or  S"  2')',  added  to  3"  ^^'^ 
43',  give  4''  2™  9",  the  apparent  time  of  the  moon'? 
passing  the  meridian. 


(     SS4    ) 


t 

CHAPTER   XVII. 


On  the  Satellites. 


Art.  495.  Lord  Bacon,  in  his  advancement  9f 
Lea  mi)} g^  when  treating  on  the  best  way  **  of  dnw- 
"  ing   down,    as  it  were,    from  Heaven,  a  whole 
*'  shower  of  new  and  profitable  invenrions,"  lajs 
considerable  stress  on  ^^  the  fortunes  or  adventum 
of  e.vpenment^**  which  he  observes  may  frequcndj 
discover  "  some  secret  of  great  use ;  since  the  aw- 
''  ders  of  IS  at  lire  commonly  lie  out  of  the  high  roftit 
"  and  beaten  paths**     And  indeed  we  shall  often 
find  that  apparently  trivial  circumstances  have  led, 
by  a  series  of  lucky  incidents  and  conjunctures,  to 
very  important  consequences,  with  which  they  did 
not  at  first  seem  to  have  the  most  remote  connecdoo* 
Who  would  have  ever  conjectured  that   any  thing 
beneficial  to  the  cause  of  commerce,  or  of  science, 
would  have  resulted  from  so  trifling  an  occurrence  as 
that  of  some  children  amusing  themselves  with  spec- 
tacle-glasses ?  Yet  there  is  reason  to  believe  that  Ae 
children  of  one  '/achariah  Hansen^  a  spectacle-maker 
of  Middleburgh  in  Holland,  by  mere  accident,  whik 
engaged  in  play,  placed  a  concave  and  convex  glass 
in  such  a  manner,  that  in  looking  through  them  at 
the  weather -cock  of  a  church,    it  appeared  to  be 
nearer  and  much  larger  than  usual ;  and   that  tlus 
circumstance  coming  to  the  knowledge  of  Galileo, 
led   him,  if  not  to  the  first  invention  of  telescopes, 
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l^t  least  to  a  considerable  improvement  of  them^  and 
to  their  first  application  to  astronomical  purposes. 
These  instruments,  in  the  hands  of  GalilcOy  and  1  In.- 
mas  Harriot  (the  celebrated  algebraist),  soon  en- 
riched astronomy  by  the  discovery  of  the  saidiitcs  of 
Jupiter  ;  and  fortified  it  with  strong  confirmations  of 
the  hypothesis  of  Copernicus.  (Art.  403.)  Obser- 
vations on  the  satellites  of  jupiter  have  paved  the 
way  to  the  discoveries  of  the  vchcitj/  of  li;j^ht^  and 
of  its  aberrnlion^  which  accounts  for  an  apparent 
motion  of  the  fixed  stars  (Art.  631.)  :  and  by  means 
of  these  satellites,  we  are  enabled  to  perform,  with 
facility,  that  very  important  problem  in  navigation, 
'which  requires  the  determination  of  the  longitude  of 
places  on  the  earth.  (Art,  667.) 

A^6.  Each  of  the  pl2U[iets^  jifpiter,  satujni^  and 
georgium  sidus,  is  attended  by  satellites ;  of  which 
jupiter  ha^  four,  saturn  seven,  and  georgium  sidus 
six*  In  order  to  arrive  at  certainty  concerning  the 
Igaws  of  these  bodies,  it  is  necessary  to  consider  facts  ; 
^c  therefore  briefly  describe  the  chief  phenomena.— 
I.  These  satellites  are  sometimes  to  the  eastward, 
sometimes  to  the  westward,  of  their  respective 
planets,  moving  successively  from  one  side  to  the 
other :  each  at  its  greatest  excursion,  as  observed 
from  the  earth,  is  nearly  as  far  distant  from  the 
one  side  as  it  was  from  the  other;  and  is  found 
on  the  same  side  again  in  much  about  the  same  in* 
terval  of  time.  %.  All  the  satellites  (except  those  of 
georgium  sidus*,  in  going  from  the  western  excur- 
sion to  the  eastern,  are  often  hid  by  the  planet's  disc, 
and  consequently  pass  behind  it ;  sometimes  one  or 
other  of  them  passes  above  or  belora.^  but  never  ^y//, 
the  planet's  disc.  On  the  contrary,  in  going  from 
the  eastern  excursion  to  the  western,  those  which 
passed  behind,  now  pass  over  the  disc ;  and  those 
which  passed  above,  now  pass  below,  and  recipro- 
cally. 3.  The  paths  of  the  satellites  being  reduced 
to  their  respective  planet's  centre,  sometimes  appea 
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rectiline  passing  through  that  centre,  and  inclined  id 
a  certain  direction  to   its  orbit.     Afterwards,  they 
change  more  and  more  into  ellipses,  during  one  quar- 
ter of  the  planet's  annual  revolution ;  and  all  the  su- 
periour  conjunctions  are  then  made  ab(Wt  the  planet's 
centre,  and  the  inferiour  conjunctions  heli/w  it :  dur- 
ing a  second  quarter  of  the  planet's  revolution,  these 
ellipses  become  narrower,  the  satellites  are  nearer  the 
centre  in  their  conjunctions,  and  at   the  end  of  a 
second  quarter  of  the  revolution,  all  the  ellipses  arc 
again  become  right  lines  with  equal  inclination,  but 
in  a  contrary  direction.     In  the  third  quarter  of  the 
revolution,  they  are  formed  anew  into  ellipses,  the  su^ 
periour  conjunctions  are  made  below  the  centre,  and 
the  inferiour  ones  above  ;  lastly,  in  the  fourth  quartor 
of  the  revolution,  when  the  planet  is  returning  to  the 
same  point  of  its  orbit,  these  ellipses  again  decrease 
in  breadth,  and  all  returns  to  its  first  state.     4.  Tlic 
times  of  the  superiour  and  inferiour  conjunctions- of 
the   satellites    being   compared,    their  intervals  arc 
nearly  equal  to  their  semii  evolution. 

4^7.  From  the  first  of  these  phenomena,  con- 
sidered jointly  with  the  fourth,  we  conclude,  that 
the  orbits  at  the  satcUites  are  cmxcs  rcturnuiii  into 
themsLiceSj  like  a  circle  or  ellipsis ;  that  the  primary 
planet  is  in  one  of  the  dia meters*  of  each  cuixe  ;  and 
that  the  motions  of  the  satellites  are  nearlij  uniform* 
From  the  second,  it  follows,  that  all  the  satellites 
(except  those  of  the  georgian  planet),  go  one  xcay; 
that  the  priniarij  planet  is  iciih/n  their  orbit ^  or, 
which  amounts  to  the  same,  that  they  move  round 
their  primarif  planet;  zndth:it  the  planes  0/  the  orbits 
of  the  satellitis  are  inehned  to  the  plane  oj  the  orbit 
of  their  pr'iman/.  And,  from  the  third  phenome- 
non, which  is  a  consequence  of  the  obliquity  of  the 
satellite's  orbit,  it  appears  that  the  paths  of  the  satel- 
lites have  similar  appearances  to  the  spots  of  the  sun 
and  pknets.    It  follows,  therefore,  i.  \Vhen  the  paths 
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of  the  satellites  appear  rectilinear,  then  the  earth  is  in 
the  right  line  where  the  plane  of  their  orbit  inter- 
sects the  plane  of  thff  planet ;  (this  is  called  the  /i/ie 
of  the  fiodes ;  the  a-scaiduig  node  is  that  where  the 
superiour  conjunctions  commence  above  the  planet's 
centre  ;  and  the  descending  node^  that  where  the  su- 
periour conjunctions  are  formed  below  the  planet's 
centre) :  therefore  all  the  conjunctions  of  the  satellite 
are  then  made  opposite  to  the  centre  of  the  planet. 
a.  The  inclination  of  these  right  lines,  shews  the  in- 
clination  of  the  plane  of  the  satellite's  orbit,  to  that 
of  the  planet's  or^it. 

498.  Since,  then,  the  satellites  uniformly  describe 
orbits  nearly  circular  or  elliptical,  with  their  respective 
primary  at  their  centre  or  focus,  they  are  probably 
moved  by  a  force  of  the  same  nature  with  that  whicli 
moves  their  planets  round  the  sun  ;  that  is,  they  re- 
volve about  their  primaries  in  consequence  of  a  cen- 
tral force,  and  of  a  constant  impulsive  force :  if  so 
(which  indeed  observations  render  certain),  they 
must  follow  Kepler  s  two  rules  (Art.  209.),  namely, 
I.  The  satellites  must  describe  areas  of  their  orbits 

proportional  to  the  times;     2.  Their  mean  distances 
Jrom  the  centres  of  their  respective  primaries^  must 

be  as  the  cube  roots  of  the  squares  of  the  times  of 

their  revolutions. 

499.  The  time  of  a  sifnodic  revolution  of  a  satel- 
lite may  be  found  in  the  following  manner  :  Observe, 
when  the  primary  planet  is  in  opposition,  the  passage 
of  a  satellite  over  its  body,  and  mark  the  time  when 
it  is  half  way  between  the  two  opposite  edges  of  the 
planet's  disc,  for  then  it  will  be  nearly  in  conjunction 
with  the  centre  of  the  planet,  and  also  in  conjunction 
with  the  sun.  After  a  long  space  of  time,  observe 
again  when  the  primary  planet  is  in  opposition,  and 
the  secondary  in  conjunction  with  its  centre ;  and  di- 
vide the  intervening  space  of  time  between  the  two 
observations,  by  the  number  of  conjunctions  of  the 
$\m  in  that  space^  the  quotient  is  the  time  of  a  syno- 
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die  revolution.  Or,  the  same  thing  may  be  found  by 
means  of  the  eclipses  of  the  satellite :  observe  when 
the  satellite  enters  the  shadow  of  its  primary,  called 
its  iiUmersion ;  or  when  it  comes  out  of  the  shadow, 
called  its  emersion  ;  and  after  a  very  long  interval  of 
time,  when  an  eclipse  happens  as  nearly  as  possible 
in  the  same  situation  both  with  respect  to  the  node 
and  to  the  place  of  the  primary  planet,  again  mark 
the  time  of  the  emersion  or  immersion  (whichever 
was  used  in  the  former  observation) ;  and  from  the 
interval  of  these  times,  and  the  number  of  eclipses 
in  that  interval,  the  mean  time  of  a  synodic  revolu- 
tion will  be  obtained  by  division. 

500.  To  determine  the  time  of  a  periodic  recolth 
tiony  it  must  be  considered,  that  in  the  return  of  a 
satellite  to  its  mean  conjunction,  it  describes  a  revo- 
lution in  its  orbit,  t;ogether  with  the  mean  angle  w, 
described  by  the  primary  planet  in  that  time :  hence 
this  analogy,  r/.y  360**  +  ;;/  :  360  :  :  timtof  a  synodic 
revoluticn'.  the  tune  of  a  periodic  rrcolution. 

501.  The  distance  of  a  satelh'te  from  its  primary 
may  be  easily  found  by  means  of  its  greatest  elonga^ 
tion,  as  seen  from  the  earth,  in  the  following  manner: 
Let  S  (fig.  I,  PI.  VII.)  represent  the  sun,  E  the 
earth,  Pany  planet,  one  of  its  satellites  at  A,  and 
the  angle  of  elongation  P  E  A  a  maximum  ;  then  the 
distances  P  E  and  E  S  are  known  from  the  theory  of 
the  planet,  and  the  lime  of  observation  ;  and  since 
the  angle  P  V.  A  is  known  in  the  right-angled  triangle 
A  E  P,  also  the  side  P  E,  the  side  A  P  is  readily  ob- 
tained. After  the  same  manner,  when  the  earth  and 
planet  arc  in  any  other  situations,  r,  p.  and  the  satel- 
lite at  a  at  its  greatest  elongation,  find  c  p  by  the 
theory  of  the  earth  and  planet,  and  the  given  lime, 
whence  from  the  angle  of  elongation  p  c  a^  determine 
the  distance  p  a.  Make  a  scries  of  such  observations 
at  all  suitable  opportunities,  and  calculate  a p  or  A? 
from  each  of  them ;  for  thus  we  may  ascertain  the 
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greatest  and  least  distance  of  the  satellite  from  its 
primary  ;  and  half  the  diiFerencc  of  these  will  give 
the  excentricity  of  the  orbit.  These  elements,  if  not 
determined  accurately,  may  be  corrected  by  subse- 
quent observations. 

501.  The  distances  of  a  satellite  from  the  centre 
of  its  primary  may  also  be  found,  by  measuring  with 
a  micrometer  •,  at  the  time  of  the  satellite's  greatest 
elongation,  its  distance  from  the  centre  of  the  planet, 
also   the  semidiameter  of  the  planet ;  for  then  the 
distance  is   known  in  terms  of  that   semidiameter. 
Or,  if  the  planet  and  satellite  cannot  at   once  be 
brought  into  the  field  of  view  of  a  telescope  (which 
may  sometimes  happen),  the  distance  of  the  satellite 
may  be  measured,  at  its  greatest  elongation,  by  ob- 
serving the  time  of  the  passage  of  the  planet's  disc 
over  a  wire  adjusted  as  an  hour  circle  in  the  field  of 
a  telescope,  and  comparing  it  with  the  interval  between 
the  passage  of  the  planet's  centre,  and  that  of  the 
satellite.     To  give  this  method  the  greatest  degree  of 
accuracy,  the  observations   should  be   repeated   so 
long  as  the  interval  from  the  passages  of  the  planet 
to  that  of  the  satellite  continues  increasing ;  for  when 
it  begins  to  decrease,  the  satellite  will  have  passed  its 
greatest  elongation.     The  methods  given  in  this  ar- 
ticle, may  also  be  applied  to  the  determination  of  the 
distances  when  in  the  apsides,  the  excentricity,  and 
the  greatest  equation,  by  means  of  a  long  series  of 
observations. 

.50^.  Or,  when  the  periodic  times  of  all  the  sa- 
tellites of  a  planet  are  known,  and  the  mean  distance 
of  one  o(  them  ;  the  mean  distances  of  the  others 
may  be  found  from  the  proportion  between  the  squares 
of  the  periodic  times,  and  the  cubes  of  the  distances. 

*  Mr.  Flamsteed  invented  an  instrument  for  finding  the  dis- 
tances of  Jupiter's  satellites  from  his  axis,  a  description  of 
which  is  given  in  the  Phil.  Trans.  JSio.  1 78,  or  Abridgement ^ 
vol.  I. 
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And,  on  the  contrary,  if  the  relative  distances  of  all 
the  satellites  from  their  primary  be  known,  and  the 
pel  iodic  time  of  one  of  them,  the  periodic  times  of 
the  others  may  be  found  by  the  same  proportion. 

503.  Attempts  have  been  made  to  determme  the 
magjiitudes  of  the  satellites ;  but  they  have  not  been 
very  successful :  indeed  it  is  not  to  be  expected  that 
they  should.  Sometimes  the  magnitudes  have  been 
ascertained  by  observing  the  times  which  they  occupy 
in  entering  into  the  shadow  of  their  primary  in  a  cen* 
tral  eclipse  (Art.  505.) :  but  since  we  cannot  tell  the 
exact  instant  when  the  satellite  enters  or  quits  the 
shadow,  this  method  will  give  the  diameters  too  small. 
Th^  diameters  have  also  been  sometimes  measured, 
by  taking  the  diameters  of  their  shadows  upon  the 
disc  of  their  primary;  or  by  noticing  the  length  of 
time  occupied  in  entering  the  disc,  when  they  pass 
centrally  over  it :  but  the  difference  of  the  conclusion! 
resulting  from  these  methods,  shews  that  we  must  not 
place  much  dependance  upon  them.  M.  Bailti/  and 
Lad  range  have  endeavoured  to  ascertain  the  quan. 
titles  of  matter  in  the  satellites  of  jupiter,  by  con- 
sidering the  effects  of  their  actions  upon  each  other} 
yet,  although  by  proper  assumptions  these  may  be 
nearly  determined,  still*,  as  the  densities  are  unknown, 
we  cannot  find  the  diameters  by  theory  alone ;  nor, 
indeed,  with  accuracy,  by  a  union  of  theory  and  ob- 
servation. 

50A.  Car„vni^  Maraldi^  and  Pounds  conclude  from 
their  observations,  that  the  satellites  revolve  upon 
their  axes  ;  but  their  very  great  distances  prevent  the 
determination  of  the  periods  of  their  rotation. 

505.  The  eclipses  of  the  satellites  are  of  consider- 
able importance  to  astronomy  and  geography ;  it 
therefore  becomes  requisite  to  explain  them.  To 
this  end,  let  S  (fig.  2,  PL  VII.)  be  the  sun;  E  t  the 
orbit  of  the  earth  ;  P  the  place  of  the  planet ;  r  .v  6 
the  orbit  of  a  satellite  :  then,  it  is  evident,  that  when* 
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jCvcr  the  satellite,  in  its  orbit, passes  through  the  shadow 
of  the  primary,  its  light  is  obscured,  and  it  becomes 
eclipsed  ;  the  duration  of  the  eclipse  will  depend  upon 
the  obliquity  of  the  satellite's  orbit,  to  that. of  the 
planet,  and  the  distance  of  the  satellite  from  the 
liode  :  for  (fig.  3,  PI.  VII.)  a  less  portion  m  n  of  the 
inclined  orbit  will  pass  through  the  shadow  O  I  m ;/, 
than  if  the  orbit  coincided  with  O  N ;  and  in  the 
nodes  the  satellite  }s  both  in  its  own  orbit,  and  that 
of  the  planet,  jind  n  m  becomes  equal  to  O  I.  Now 
(fig.  2,  PI.  VII.),  when  the  earth  is  at  E  before  the 
opposition  of  the  planet,  the  spectator  will  see  the 
ijii,ftcrsi  'it  at .,  and  in  some  particular  instances,  the 
eTNcfS'i'H  at  0  zho :  when  the  earth  is  at  e  after  oppo- 
sition, an  observer  will  see  the  emersion  at  o ;  but 
whether  he  sees  the  pmntrsionj  will  depend  upon  the 
position  of  the  earth  with  respect  to  the  plane  of  the 
planet's  orbit.  When  the  earth  is  at  E,  the  conjunc- 
tion of  the  satellite  happens  later  at  the  earth,  than 
at  the  sun ;  but  when  it  is  at  r,  the  conjuncLion 
occurs  later  at  the  sun  than  at  the  earth.  If  the  earth 
be  at  ' ,  and  the  satellite  at  ;•,  it  cannot  be  seen  by  an 
observer  at  / ,  because  the  body  of  the  planet  inter- 
venes ;  this  is  not  an  eclipse,  but  an  occuUation.  In 
01  der  to  find  the  diameter  of  the  planet's  shadow  at 
the  distance  of  any  of  the  satellites,  let  the  time  of 
an  eclipse  (that  is,  the  time  occupied  from  the  immer- 
sion to  the  emersion)  be  observed  when  the  satellite 
is  in  one  of  its  nodes,  for  then  the  satellite  passvfs 
through  the  centre  of  the  shadow,  and  the  eclipse  i.> 
called  central :  then  use  this  analogy,  as  (he  time  of' 
it  .sijnodic  revolution  oj  the  satdiue  :  the  duration  of 
the  eclipse  :  :  360^  :  the  diameter  of  the  shadoxc^  i:f 
deforces  of  the  sitellite^s  orhit.  But  fhould  it  so 
happen  that  both  the  immersion  and  emersion  cannot 
be  seen  when  the  satellites  are  in  the  nodes,  which  is 
always  the  case  with  the  first  and  second  of  jupitcr's 
sateUites,  then  it  is  usual  to  compare  the  immcrsioiL^ 
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some  days  before  the  opposition  of  the  planet,  with 
the  tmcrsions  some  days  after,  and  hence,  knowing 
how  many  synodic  revolutions  have  been  made  in  the 
intervening  time,  the  time  of  the  transit  through  the 
shadow,  and  consequently  the  corresponding  mea- 
sure in  degrees,  become  known. 

5()G.  Suppose  in  fig.  15,  11.  V.  N  b  dn  the  plane 
of  a  planet's  orbit,  ^  a  c  n  the  orbit  of  one  of  its  sa- 
tellites, N  ;/  the  line  of  the  nodes  ;  draw  P  c,  P  dy 
perpendicular  to  N  7/,  and  c  d  perpendicular  to  the 
plane  of  the  planet's  orbit ;  then,  supposing  a  to  be 
the  point  in  opposition  to  the  sun  at  S,  let  ^  ^  be 
drawn  parallel  to  c  d.  Put  s  for  the  sine  of  cF  d,  the 
inclination  of  the  orbit  of  the  satellite  to  that  of  the 
planet  (radius  being  i),  and  ;:  for  Pc;  then  i  :  ^  :  : 
z  I  dc=^  s  z ;  and  if  xc  denote  the  sine  of  N  «  the 
distance  of  the  node  from  the  opposition,  we  have  1 : 
.  (r/  c)  s  z  I  :  zc  I  ah  =  zv  s  z^  the  latitude  of  the  satel- 
lite at  the  time  of  opposition. 

/)()r«  Now,  to  find  when  an  emersion  will  be  visible 
before  opposition,  and  an  immersion  after  opposition, 
we  have  the  following  method  given  by  M.  dc  la 
Landc.  Let  .v  (fig.  4,  PI.  VII.)  be  the  centre  of  the 
shadow  A  B  of  the  planet,  r  the  centre  of  its  disc 
C  D,  the  radius  .v  n  being  expressed  in  minutes  of  the 
orbit  of  the  satellite,  and  ;• ;/  in  the  same  measure : 
let  r  s  be  a  portion  of  the  orbit  of  the  satellite  equal 
to  the  annual  parallax  *,  expressed  also  in  minutes, 
and  let  A  B  and  C  D  be  represented  as  seen  from  the 
earth ;  that  is,  let  the  diameter  of  C  D  be  equal  to 
the  minutes  in  the  planet's  apparent  diameter  ;  anc^ 
let  the  diameter  of  A  B  be  to  that  of  C  D,  as  th^ 
time  in  which  the  satellite  transits  the  planet's  disc 
when  in  the  node,   to  the  time  In  which  it  passes 

•  'Vhv  nnqlc  S  Pr  siibtcndod  by  Sc  thr»  distance  of  the  earth 
from  the  sun,  at  the  })lanct  V,  ia  called  th^  annvnf  paraHnv  (hg  2, 
ri.  VII.)  :  it  ifc  nianitcsilv  equal  to  the  an^li  «  P  v,  which  is  mc^" 
furtd  by  the  iuch  a*1'  oi  ihr  cau'.lm's  oibit. 


Inclinations  of  their  Orbits.  333 

through  the  shadow.     Then  if  wen  be  the  path  of 
the  satellite,  the  immersion  at  zv  being  visible,  the 
emersion  at  n  will  also  be  just  visible,  for  //  is  the  limit 
between  which  and  w  if  the  emersion  happen  it  will 
be  invisible.     In  the  triangle  r ;/ .v  we ' know  all  the 
sides,  and  thence  find  the  perpendicular  //  m  let  fall 
on  r  ^,  which  as  the  orbit  w  n  is  very  nearly  paral- 
kl  to  r  s,  will  be  very  nearly  equal  to  s  c :  but  (.Art. 
506.)  sc  zz  w s  z;  or,  supposing  z  to  be  repreented 
by    ij  sc  =  2vs ;    make    therefore   m  ?i  =  kj  .s,  and 
from  thence  deduce  w  the  sine  of  the  distance  of  the 
planet  from  the  ncide.     Here  the  earth  is  supposed  in 
the   plane   of  the   planet's   orbit;  but   as  it  is  not 
in   that   plane,    the   planet   will   appear   higher    or 
lower  in  the  shadow  by  the  latitude  of  the  earth  seen 
from  the  planet ;  this  varies  as  the  sine  of  the  dis- 
tance of  the  earth  from  the  node  of  the  planet.     If 
r  s  represent  the  orbit  of  the  planet,  the  centre  of 
the  shadow  will,  for  six  months  of  the  year,  lie  to 
the  south  of  .v,  suppose  at  t ;  then,  knowing  s  r  and 
s  /,  we  can  find  ;•  /  and  the  angle  sr  t ;  and  there- 
fore we  know  the  three  sides  of  n  r  /,  and  thence 
find  //  /•  /,  which  lessened  by  y  r  t  gives  n  r  s :  there- 
fore, lastly,  in  the  triangle  n  r  .v,  are  known  r ;/,  r  .s 
and  the  included  angle /*;/.v,  whence  we  find  /n}ty 
which  determines  whether  the  emersion  is  visible  or 
invisible. 

50s.  ITie  place  of  a  satellite's  node  being  deter^ 
mined  (Art.  497. )>  we  are  enabled,  by  the  eclipses 
of  that  satellite,  to  ascertain  the  inclination  of  its 
orbit :  for,  let  I C  O  D  (fig.  3,  PI.  VII.)  be  a  section 
of  the  shadow  of  the  planet  through  which  the  sa- 
tellite passes,  N  1 0  the  plane  of  the  orbit  of  the 
planet,  N  m  n  the  orbit  of  the  satellite ;  draw  P  a 
perpendicular  to  N//,  and  (Art.  506.)  Pa  zi:  u'*?, 
w  denoting  the  sine  of  N  «  the  distance  of  the  node, 
s  the  sine  of  the  orbit's  inclination,  and  ::  represent- 
ing Pa.    Let  r  =5 PI,   and  hzzma^^an;   the^ 
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conven  i;  :,  and  /',  into  time;  thai  is,  r  must  de- 
note half  ihe  greatest  duration  of  an  eclipse,  A  half 
the  Ttal  duration  of  the  eclipse  at  any  pLiution  out  of 
the  nodes,  uud  z  the  lime  the  satellite  would  pass 
over  a  splice  equal  to  P »,  which  may  be  found  by 
saying  «;  360°:  57*  17'  4$%*  I,  an  an  equut  in  length 
to  riidUtfij  :  :  the  tune  of  a  nfnouic  rwolutinu  ;  the 
lime  of  ilcsiribiiis:  a  xpnct  vqunl  I"  z.  Then  Jf, 
the  sine  of  the  inclination  of  an  orbit,  will  be  = 

—  ~  '  .  And,  on  the  contrary,  if  the  iaclinatioo 
of  the  satellite's  orbit  be  known,  we  shall  find  the 
semiJuration  of  the  eclipse,  by  the  equation  /i  — 
v^y'  —  ;i '  >'^*.  If  we  draw  P  ;  perpendicular  to  O  I, 
then  in  the  triangle  Par,  knowing  P  .',  the  right 
angle  P  "  ,  and  the  angle  .  P  «  ^  /  N  P  the  inclina- 
tion of  the  orbit,  we  may  find  a  c  the  distance  from 
the  middle  of  the  eclipse  to  the  conjunction  of  the 
satellite.     These  conclusions  will  not  be  quite  cor* 


the  Vcloclst  re  X .-  r.  -. 


7v*     T't"  t  -•"■ 


time  in  travelling  to  us.     Ivl 
who  deduced,  from  azz\ii1  c "r-.-er^-zii  -:— .  t:  -.  *.«  -  .- 
locity  of  light :  hefcund  jzziih  12..    ^ii.ri  :-^_:   _  :- 
finned  by  repeated  cxperiiLsmr    liu:  xt  r-jr  ::.-.  -_.  .. 
is  exactly  between  jupiitT  jiiicl  dit  smu  Li.-   .«:-..:... 
are  seen  eclipsed  ebout  :~  Tnrr.iiiei  v   h  •  11:1:1  '.:.r- 
would  be  according  to  the  tabit:* ;  bu:  iLii:  v    -.: 
the  earth  is  at  its  greatest  disiEnce  froir  iupii-j:.  ::. 
eclipses  happen  about  85:  nsxnutes  ;:.:*:;  thar  :iji  u.:  .r 
predict  them.     Hence  it  followfc  thiit  liirir:  iLr.t.   ::. 
about  i6t-  minutes  of  time  in  pasidiig  o\er  '.i.t  l^l- 
metcr  of  the  earth's  crbit,  which  ii^  zi  a  ii*i«:i    :  -.'. 
millions  of  miles  ;  this  is  vcrv  ncLrlr  at  tht  :.i>::iii  '^ 
ing  rate  of  2oo,coo  miles  in  a  second-     Dr.  j,  /   ,  -  ^ 
found  very  nearly  the  same  Tclocin'  r-urc  oLi^r»  i- 
tions  on  the  fixed  stars.     Hence  als:)  i:  app^rari..  -.::u: 
in  determining  the  time  cf  an  eclipst:  of  t  salt:!  iu  :.i 
seen  from  the  earth,  an  aliowanct  muit  i/t  :::l'-.'-. 
corresponding  with  the  difitrent  disumces  o:  tLt  *:ur  : 
and  planet;  this  allowance  is  called  the  t.,*::,.     •.    > 
light  •. 

510.  The  satellites  of  jupiter, satum,  and  'ht  rj  % 
gian  planet,  are  subject  to  changes  in  their  or :.-. 
with  rc-pect  to  the  iiruadon  of  the  apsides  and  i-oa-:., 
the  inclination  of  the  orbits,  their  excentricitv,  6.1. 
similar  to  those  of  the  moon,  and  from  sianl^r  caL.b:!. 
But  in  many  instances  the}'  prei-ail  to  a  gr<rite:  _•,- 
gree,  in  consequence  of  the  disturbing  forces  02  '':\c 
satellites  upon  each  other ;  hence,  therefore,  a  irt- 
quent  revision  of  the  tables  is  necessary. 

*  The  various  directions  necessary  for  calculating  the  tcii'>»f>  'A 
the  satellites,  their  configuraj ions,  Ace.  arc  not  given  htrre  :  .:i',c 
they  would  be  of  no  service  without  the  tables,  and  the  taS:..^  ^rc 
always  accompanied  by  projier  precepts,  tor  the  satcUlK-  01  iu- 
pitcr  the  Kst  tabk-s  are  those  cf  M.  Wargimt'vt,  given  in  :t,e  A/it/- 
ticai  Aifita/iGC  VJT  1771  and  1779.  Very  useful  ubl«  kt  ti;t  ^a- 
trllites  of  txith  tatum  and  jupiier,  are  given  in  Mr.  Vincc'^  *^^*/t« 
of'  A^troiKJinii, 


336  Jupiter's  SatellUes^ 

511.  The  satellites  of  jupiter,  being  situated  nearer 
to  the  earth  than  those  of  any  other  planet,  and 
being  of  very  considerable  importance  in  astro- 
nomy and  navigation,  have  been  more  regularly  and 
carefully  observed  than  the  other  satellites  ;  in  con- 
sequonce  of  which  the  elements  of  their  orbits  arc 
determined  with  greater  precision  than  those  of  the 
other  satellites.  The  chief  of  these  elements,  as  given 
by  M •  dt  la  Landvy  are  exhibited  in  the  table  next 
iollowing. 
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512.  Of  the  satellites  of  saturn,  five  were  discos 
vered  hyCa^isim  and  ////y«e;^y,  before  the  year  1685^ 
and  it  was  imagined  there  were  no  more,  till  two  were 
discovered  by  Dr.  Hersc/ie/j  in  1787  and  1788. 
These  are  nearer  to  saturn  than  any  of  the  other  five  ; 
but  in  ordei'  to  prevent  confusion  in  the  numbers, 
^vith  regard  to  former  observations,  they  are  called 
the  6th  and  7th  satellites.  The  periodical  revolu- 
^ons  of  these  satellites,  their  distances  from  the  body 
of  saturn  expressed  in  semidiameters  of  that  planet 
and  in  miles,  and  the  angles  under  which  their  or- 
bits are  seen  at  the  earth,  at  the  mean  distance  from 
saturn,  are  expressed  below  : 


SATELLITES  of  SATURN.                        | 

Satellites. 

Periods. 

Distances  in 

Diam.  cH 
orbit. 

Semidia- 
meters. 

Miles. 

L 

IL 

JIL 

IV. 

V. 

VL 

VII. 

Id    2l'i     18"'    275* 
£       17      41       22 
4       12      25       12 
15      22      41       13 

79      7    48      0 
I       8     53       g 
0     22     40    46 

4^ 

8 
18 
54 

170000 
217000 
303000 
704000 
2050000 
135000 
107000 

1'   a?' 

2    36 
6     18 

17      4 
0    57 

The  inclination  of  the  first  four  satellites  to  the 
ecliptic  is  from  30  to  3 1  degrees.  The  fifth  describes 
an  orbit  inclined  in  an  angle  of  from  1 7  to  r8  de- 
grees to  the  orbit  of  saturn.  Dr.  HcTsc/iel  observes 
that  this  satellite  turns  once  round  its  axis  exactly  in 
the  time  in  which  it  revolves  about  saturn  j  in  which 
respect  it  resembles  our  moon. 

5\3.  As  to  the  satellites  of  the  georgian,  two  of 
them,  which  were  discovered  by  Dr.  IlerscM  b 
1787,  revolve  about  that  planet  in  periods  of  8*^  17' 
I  J'  iQ''  and  13**  II  h  5"  i|^  respectively,  the  angular 
distances  from  the  primary  being  33^  and  441^^ :  their 
orbits  are  nearly  perpendicular  to'  the  plane  of  the 
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ecliptic.  The  history  of  the  discovery  of  the  other  four, 
with  such  elements  as  could  then  be  ascertained,  arc 
given  in  the  Phihsophical  Jmnsactiohn  for  1798, 
Piirt  I.  The  precise  periods  of  these  additional  sa- 
tellites cannot  be  ascertained  without  a  greater  num- 
ber of  observations  than  had  been  made  when  Dr. 
Herschel  sent  the  account  of  their  discovery  to  the 
Royal  Sncidi) ;  but  he  gave  the  following  estimates 
as  the  most  probable  which  could  be  formed  by 
means  of  the  data  then  determined.  Admitting  rhc 
distance  of  the  intcriour  satellite  to  be  2$'^'^,  its  pe- 
riodical revolution  will  be  5**  21''  25  .  If  the  inter- 
mediate satellite  be  placed  at  an  equal  distance  be- 
tween the  two  old  satellites,  or  at  38*^57,  its  period 
will  be  ici  23h  4™.  The  nearest  exteriour  satellite  is 
about  double  the  distance  of  the  farthest  old  one  j 
its  periodical  time  will  therefore  be  about  38^  i*"  49^. 
The  most  distant  satellite  is  full  four  times  as  far 
from  the  planet  as  the  old  second  satellite  ;  it  will  there- 
fore take  at  least  107**  16^  40°*  to  complete  one  re- 
volution. All  these  satellites  perform  their  revolu- 
tions in  their  orbits  contrary  to  the  order  of  the 
signs  J  that  is,  their  real  motion  is  retrograde. 
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CHAPTER   XVIII. 


On  the  Ring  of  Saiiinu 


Art.  51 4-.  WHEN  speakmg  of  the  appearancei 
of  some  of  the  planets  when  viewed  through  a  teksr 
cope  (Art.  402.;,  we  mentioned  the  discovery  of  a 
curious  ring  which  encompassed  the  body  of  saturo. 
This  ring,  according  to  the  observations  of  ItuygaHf 
is  about  22000  miles  broad,  and  its  greatest  diiame« 
ter  in  proportion  to  that  of  the  planet,  as  9  to  4. 
Later  observations  have  furnished  us  with  a  much 
better  acquaintance  with  this  curious  phenomenon. 
/>  la  Landc  and  Dc  la  Place  inform  us  that  Camni 
saw  the  breadth  of  this  ring  divided  into  separate 
parts,  nearly  equal  in  breadth.  And  Mr.  Iladley, 
with  an  excellent  5 '{  feet  reflector,  saw  the  ring  di- 
vided into  two  parts.  Mr.  Shorty  and  some  few 
others,  thought  they  saw  several  divisions  upon  the 
ring :  but  the  long-continued  and  accurate  observa- 
tions of  Dr.  IIcr.sc/i(l  seem  to  confirm  the  division 
of  the  ring  into  only  two  concentric  parts,  almost 
beyond  the  possibility  of  doubt.  This  gentleman 
says,  there  is  one  single,  dark,  considerably  broad 
line,  belt,  or  zone,  which  he  has  constantly  found 
on  the  north  side  of  the  ring.  As  this  dark  belt  is 
subject  to  no  change  whatever,  it  is  probably  owing 
to  some  permanent  construction  of  the  surface  of  the 
ring  :  this  construction  cannot  be  owing  to  the  sha- 


The  Ring  of  Satuni.  'o\  1 

dow  of  a  chain  of  mountains,  since  it  is  visible  all 
round  on  the  ring ;  for  there  could  be  no  shade  at 
the  ends  of  the  ring :  a  similar  argument  will  apply 
against  the  opinion  of  very  extended  caverns.  It  is 
pretty  evident  that  this  dark  zone  is  contained  be- 
tween two  concentric  circles ;  for  all  the  phenomena 
correspond  with  the  projection  of  such  a  ;ione.  The 
nature  of  the  ringDr.//rr,vc7/e/ thinks  no  less  solid  than 
that  of  satum  itself,  and  it  is  observed  to  cast  a  strong 
shadow  upon  the  planet.  The  light  of  the  ring  is 
also  generally  brighter  than  that  of  the  planet ;  for 
the  ring  appears  sufficiently  bright  w^hen  the  telescope 
affords  scarcely  light  enough  for  saturn.  The  doctor 
concludes  that  the  edge  of  the  ring  is  not  flat,  but 
spherical  or  spheroidical.  The  dimensions  of  the 
ring,  or  of  the  two  rings  with  the  space  between  them, 
Pr.  llcnscliel  gives  as  below  : 

Miles. 

Inner  diameter  of  smaller  ring     •     •     .  146345 

Outside  diam.  of  ditto       .....  184393 

Inner  diam.  of  larger  ring       ....  190248 

Outside  diam.  of  ditto 204883 

Breadth  of  the  inner  ring        ....  20000 


^»  ->  ^. 


/ 


200 


Breadth  of  the  outer  rinjj 

Breadth  of  the  vacant  space,  or  dark  zone      28 39 

315.  The  ring  revolves  in  its  own  plane  in  io''32'" 
i5*'4,  being  nearly  the  same  time  (Art.  402.  as  that 
in  which  the  planet  performs  a  rotation  upon  its  axis. 
The  ring,  being  nearly  a  circle,  appears  elliptical 
from  its  oblique  position  ;  and  it  appears  most  ontu 
when  saturn  is  90°  from  the  nodes  of  the  ring  upon 
the  orbit  of  the  planet,  or  when  saturn  s  longitud:' 
is  about  2*  17^^  and  8'  17^.  hi  such  a  situation  tr.c 
minor  axis  is  very  nearly  equal  to  half  the  mairr, 
when  the  observations  are  redueed  to  the  si.tn  ;  con- 
scquently  the  plane  of  the  rin^^  li^akcs  an  \\n^\^-  of 
about  30°  with  the  orbit  of  saturn.     Or,  aecciuitij; 


342  On  Saturn*s  Ring. 


to  some  observations,  the  inclination  of  the  ring  to 
the  ecliptic  is  about  31°  22'. 

5 1 6.  There  have  been  various  conjectures  rela- 
tive to  the  nature  of  this  ring.  Some  persons  have 
imagined  that  the  diameter  of  the  planet  saturn  was 
once  equal  to  the  present  diameter  of  the  outer  ring, 
and  that  it  was  hollow  ;  the  present  body  being  con- 
tained withui  the  former  surface,  in  like  manner  as 
a  kernel  is  contained  within  its  shell :  they  suppose 
that,  in  consequence  of  some  concussion,  or  other 
cause,  the  outer  shell  all  fell  down  to  the  inner  body, 
and  left  only  the  ring  at  the  greater  distance  from  the 
centre,  as  we  now  perceive  it.  This  conjecture  is  in 
some  measure  corroborated  by  the  -  onsideration,  that 
both  the  planet  andits  ring  perform  their  rotations  about 
the  same  common  axis,  and  in  very  nearly  the  same 
time.  But  from  the  observations  of  Dr  Uf^rsche/^ 
he  thus  concludes  :  ''  It  does  not  appear  to  me  that 
there  is  sufficient  ground  for  admitting  the  ring  of 
saturn  to  be  of  a  very  changeable  naure,  and  I 
guess  that  its  phenomena  will  hereafter  be  so  fully 
explained,  as  to  reconcile  all  observations.  In  the 
meanwhile  we  must  withhold  a  final  judgment  of 
^*  its  construction,  till  we  can  have  more  obsen'a- 
*'  tions.  Its  division,  however,  into  two  \try  une- 
*'  qual  parts,  can  admit  of  no  doubt.'* 

5)7.  As  saturn  moves  round  the  sun  in  an  orbit 
nearly  circular,  his  obliquely  posited  ring,  like  our 
earth's  axis,  keeps  parallel  to  itself,  and  is  therefore 
turned  edgewise  to  the  sun  twice  in  a  saturnian  year, 
which  is  nearly  as  long  as  thirty  of  our  years.  But 
the  ring,  though  probably  considerably  broad,  is  invi- 
sible (excej)t  when  very  good  telescopes  are  used^ 
whenever  its  plane  passes  through  the  sun,  or  the 
earth,  or  between  them  :  the  chief  phenomena  of  the 
ring  may  be  illustrated  by  fig.  7,  PI.  VII.  where  S 
represents  the  sun,  AliCDEFGH  the  orbit  of 
saturn,  I KL  M  N  O  that  of  the  earth  ^  both  planet^ 
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moving  according  to  the  oroer  of  The  ;-.r:e::.  V/-  - 
satum  is  at  A,  his  ring  i^  dirtctfd  tov■^rd^  :r.t  ;-:.  :: 
S,  and  he  15  then  sten  frcm  the  earth  vhh  c  ::.:  ::i 
telescopes,  as  though  he  had  lost  his  r:i.  r.  ic:  :'.e 
earth  be  in  whatever  part  of  its  orbit  it  iiiiy,  t:::.:: 
between  N  and  O ;  for  whilst  it  describes  t:-Lr  -p^: -, 
■  saturn  is  apparently  so  near  the  sun  as  to  be  PJd  '::. :..  > 
beams.  As  saturn  passes  from  A  to  C,  hi-b  rin^'  c.:,- 
pears  more  and  more  open  to  an  obser^'er  c:i  ::.- 
earth:  at  C  the  ring  appears  mobt  open;  an:^  Lt- 
comes  narrower  and  narrower,  as  satum  p'as>eb  frcm 
C  to  E.  When  he  comes  to  E,  the  ring  i&  again  di- 
rected edgewise  both  to  the  sun  and  earth,  and  a^  nei- 
ther of  its  sides  is  illuminated,  it  is  again  invisible  to 
us.  But  as  he  goes  from  E  to  G,  his  rings  open  niore 
and  more  to  our  view  on  the  under  side ;  and  seem  s  i  l:  : : 
as  open  at  Gas  it  did  at  C;  and  maybe  seen  in  the:.:  .h:- 
time  from  the  earth  in  any  part  of  its  orbit,  excjj.i 
about  M,  when  the  sun  obscures  the  planet  Jroin  ojr 
view.  As  satum  passes  from  G  to  A,  his  ring  turru 
more  and  more  edgewise  to  us,  and  therefore  it  iten;s 
to  become  more  and  more  narrow;  and  at  a  it  dia- 
appears,  as  before.  Also,  while  saturn  goes  from  A 
to  E  the  sun  shines  on  the  upper  part  of  his  ring, 
and  the  underside  is  dark  ;  and  whilst  he  passes  irom 
E  to  A,  the  sun  shines  on  the  under  side  of  hi>  riii/, 
and  the  upper  side  is  dark.  According  to  the  ccjinpLi. 
tation  of  Dr.  JA/.y/r/////!',  the  plane  of  therin;:  pa^  ..J 
through  the  earth  on  January  29,  iy(,o'^  the  earth 
passing  from  the  northern,  or  dark,  to  liie  soutlierii 
or  enlightened  side  of  the  ring ;  the  ring,  therefore, 
then  became  visible,  and  will  continue  so  till  iSc;. 

518.  The  mean  distances  of  the  earth  and  saturn 
from  the  sun,  are  respectively  as  i  :  9-54^72 
(Art.  360.^;  therefore  the  length  of  the  seiiiicli.mie- 
ter  of  the  earth's  orbit  will  be  the  sine  of  C  i'  2  ii\ 
Saturn's  orbit.  Saturn,  then,  descrii^cs  an  arch  ol* 
6*^  i'  2^'  from  the  instant  the  plane  of  his  rini;  pro- 
duced touches  the  earth's  orbit,  to  the  instant  it  ^:a  sc.> 
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through  the  sun  :  and  as  satum's  periodic  time  in  h]^ 
orbit  is  about  1076 1*615  days,  he  will  be  179*83 
days  in  running  6^  i'  2"^  The  plai^  of  his  png 
then  takes  nearly  360  days  to  run  oVer  the  diameter 
of  the  earth -s  orbit ;  but  as  this  is  nearly  the  «|^  part 

of  it^  it  is  therefore  -      X  360     days    in    running 

through  a  space  equal  to  the  whole  orbit :  but  the 
earth  takes  365*25  days  nearly  tp  run  the  same  dis^ 
tance ;  hence,  the  velocity  of  the  earth  in  its  orbit^ 
is  to  the  simultaneous  velocity  of  the  ring  of  satum, 

2^—  X  360  :  Z^S'^^S^  ^^  nearly  as   3*098   to   i. 

Hepce,  during  the  179*83  days  the  ring  is  passing 
over  a  part  of  its  orbit  equal  and  nearly  parallel  to 
I  M,  the  plane  of  the  ring  may  pass  through  the 
earth  three  times,  though  sometimes  not  so  many* 
This  might  be  pursued  much  farther ;  but  it  is  un- 
necessary here.  Those  who  are  desirous  of  seeing 
more  on  this  head,  are  referred  to  a  treatise  entitled, 
Unmi  sur  Ics  Phenoviencs  vvlatifs  auv  Disparitions 
])vnodi(;ue.s  dc  P.tnncau  dc  SatioiUy  par  M.  Diows  da 
Sc'jour  *,  in  which  they  will  find  a  curious  analytical 
solution  of  the  problem  respectincf  the  times  of  the 
appearance  and  disappearance  of  this  ring,  \yhereia 
is  also  exhibited  a  new  species  of  curves. 

»  I  cannot  recommend  this  work  more  hitihly  than  by  exiract- 
inii^  the  cncuniiuni  nnon  it  (sit!ni-<l  I'v  lJ,lUn<!;crt,  lloidit,  Bf^uut, 
Vandcrmoude,  La  Hare,  and  Fouclii )  tVom  the  l^cgijitcr  of  the 
lloyal  Academy  of  Sciences  at  Tans,  for  177;:-  TeU  suit  la 
oh/ff6'  que  M  du  !hc;our  a  frai/J.-i  duns  son  uuxni^e ;  it  f*oit  I'tit 
qu*d  n  a  rim  lt:ls>e  u  dtstnr  stir  Ui  lli'oi'ie  dis  pfnisi^  de  rtnuutiu  dt 
tatunie.  LUUiraucc,  la  JiiusdV,  ft  la  supphcit.  dva  mclhodcs  dont  il 
a /ail  usa^c,  rcndnif  c<t  (miraj^c  Iris  niL'vsMnit  pnur  /rv  ^coiA- 
trts ;  cf  ta  dicK.'isiuii  dm  plniiuir.au's  dcnuis  16^0  jusqu'vn  if^co, 
le  I  end  nu'CAiUiic  auv  a.slruiionic^  '/-'fi  •H):id}(uit  dans  la  sunc  oh<fr:fr 
a\n' pruuiion  iCs  appar^uLcs:  ajji.^i  n(>in  en  tjons  qn'il  tniriU  ti'tUic 
irnprimi  axcc  I'avproOiUivn  cl  Ic  priiilcirt'  dc  I  A\:ade,iiic, 


(     345     ) 


CHAPTER  XIX. 


fO/2 Eclipses  of  the.  Sun  and  Moon,  and  Occuliut'tonM 

of  the  Jived  Stars, 


Art.  519?  AN  eclipse  is  a  privation  of  the  light 
pf  one  of  the  luminaries,  occasioned  by  the  interposi- 
tion of  some  opaque  body,  either  between  it  and  the 
pye,  or  between  it  and  the  sun.  Eclipses  are  divided, 
with  respect  to  the  objects  eclipsed,  into  eclipses  oj  fhc 
staij  of  the  moon^  and  of  the  satellites.  (Art.  505.) 
,/^d  with  respect  to  circumstances,  into  totals  part ml^ 
annular^  and  central.  A  total  eclipse,  is  one  in 
which  the  whole  disc  of  the  luminary  is  darkened  ;  a 
partial  one,  is  when  only  a  part  of  the  disc  is  dark- 
CTed ;  in  an  annular  eclipse,  the  whole  is  darkened, 
f^xcept  a  ring  or  annulus,  which  appears  round  the  dark 
part,  like  an  illuminated  border ;  and  in  a  coftral 
eclipse,  the  centres  of  the  two  luminaries,  and  that 
of  the  earth,  are  in  one  and  the  same  right  line. 


On  Eclipses  of  the  Moon. 

520.  An  eclipse  of  the  moon  is  occasioned  by  an 
interposition  of  the  body  of  the  earth  directly  be- 
tween the  sun  and  the  moon,  and  so  intercepting  the 
sun's  rays  that  they  cannot  illuminate  her ;  or,  the 
moon  is  eclipsed  when  she  passes  through  part  of  the 
shadow  of  the  earth  as  projected  from  the  sun. 
Hence  it  is  obvious  that  lunar  eclipses  can  only 
liappen  at  the  time  of  full  moon,  for  it  is  then  only 
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that  the  earth  can  be  between  the  moon  and  the  sinu 
Were  the  orbits  of  the  earth  and  moon  in  the  same 
plane,  there  would  be  a  lunar  eclipse  at  every  full 
moon  ;  but  as  they  are  not  coincident,  an  eclipse  can 
only  happen,  either  when  the  full  moon  takes  place 
in  one  of  the  nodes  of  the  moon's  orbit,  or  so  near 
it,  that  the  moon's  latitude  does  not  exceed  the  sum 
of  the  apparent  semidiameters  of  the  moon  and  the 
earth's  shadow  a  the  moon's  orbit. 

521*  To  determine  the  distance  from  the  node^ 
beyond  which  there  can  be  no  eclipse ;  we  must 
ascertain  the  apparent  semidiameter  of  the  earth's 
shadow  at  the  moon  :  but  it  may  be  proper,  first,  to 
shew  that  this  shadow  extends  farther  than  the  mocxi's 
orbit.  Let  S  (fig.  6,  PL  VII.)  represent  the  sun; 
"^  the  earth  ;  M,  the  moon  :  the  respective  diameten 
and  distances  of  all  which  are  known.  Then  AD 
being  the  difference  between  the  semidiameters  of  the 
sun  and  the  earth,  we  have,  by  similar  triangles, 
AD  :  BE  :  :  D B  or  S  E  :  E  C.  Here  the  mean 
distance  of  the  earth  and  sun  being  about  23840  se- 
midiameters of  the  earth,  and  the  excentricity  of  the 
earth's  orbit  about  354  semidiameters,  we  may  take 
24194  for  the  greatest  distance  of  the  earth  and  sun; 
and  the  diameters  being  very  nearly  as  i  to  11 2,  we 
have  III  :  I  :  :  24194  :  217*99  semidiameters  of  the 
earth  zz  E  C  the  length  of  the  earth's  shadow.  Or, 
E  C  may  be  ascertained  by  a  rather  different  process, 
thus :  '1  he  angle  B  A  E,  or  the  sun's  parallax,  is  8*7 ; 
and  the  angle  AES,  or  the  sun's  apparent  semidiameter, 
is  about  15'  56^'':  the  former  of  these  taken  from  the 
latter,  leaves  1 5'  A7^^'2>  ^^^  ^^^  angle  A  C  li :  then, 
tang.  15'  47'''3  :  radius  :  :  BE  =:  i  :  C  E  zz  218 
nearly,  as  before.  Hence,  since  the  moon's  distance 
from  the  earth  varies  from  about  56  to  64  semidi- 
ameters, the  shadow  will  be  extended  considerably 
farther  than  the  moon's  orbit.  But  the  extreme  end 
of  the  shadow  falls  short  of  tUe  orbit  of  mars,  there* 
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fore  none  of  the  heavenlv  bodies  can  be  involved  in 
the  shadow  besides  the  moon. 

.)'i*:'.  The  apparent  scmidiametcr  of  the  earth's 
shadow  at  the  moon,  niay  be  determined  from  these 
considerations  :  the  angle  rE  o  iz.  E  y  A  —  E  C  A  j 
but  E  C  A  IT  S  B  A  — B  S  E,  therefore  ;•  j:  o  = 
E/'A  +BS  ;'.  —  SB  A;  that  is,  the  .svm'iaiavutcr 
0)  the  earth's  ahaduio  at  the  moon'is  orbit ^  appears 
under  an  angle  equal  to  tnt  aum  of  the  horizo/ital 
parallaxes  of  the  sun  and  moon^  dnyunished  hi/  the 
san^s  iipparent  .^tmidiatncter.  Thus,  if  the  moon's 
parallax  be  6i'  la'',  the  sun's  parallax  8''''6,  and  his 
apparent  semidiameter  15'  56''^;  then  61'  la'^  +  8'' '6 
—  15'  56"^  =  45'  24^^'6  the  apparent  semidiameter 
of  the  shadow.  Some  astronomers  remark  that  the 
apparent  dimensions  of  the  shadow  are  larger  than 
when  found  by  this  rule,  owing  to  the  earth's  atmo- 
sphere ;  they  therefore  augment  the  semidiameter  of 
the  shadow  by  about  dv  of  itself. 

oj...  The  sum  of  the  apparent  semidiameters  of 
the  shadow  and  of  the  moon  never  exceeds  1^  4', 
which  is  equal  to  that  latitude  of  the  moon  between 
which  and  the  node  all  lunar  eclipses  must  happen  : 
then,  taking  the  inclination  of  the  moon's  orbit 
at  about  5^  16',  from  which  it  will  not  vary  con- 
siderably, we  have  1^4'  the  perpendicular  of  a  right- 
angled  spherical  triangle,  and  5°  :  6'  the  angle  op- 
posite to  it ;  from  which  we  find  the  side  opposite  the 
right  angle  by  this  analogy,  5^  16'  :  radius  :  :  sine 
1^  4'  :  sine  1 1®  42'.  Hence,  if  the  moon  be  at  a  less 
distance  from  either  node  than  11°  42',  there  will  be 
an  eclipse  of  some  duration ;  otherwise  none  can 
happen.  This  n°  42'  is  called  the  lauar  ecliptic 
linv  or,  more  accurately,  the  Innit  is  from  10  7"* 
to  12®,  according  to  the  different  distances  of  the 
sun,  earth,  and  moon. 

5^2-^.  To  compute  a  lunar  eclipse,  there  must  be 
had  the  true  distance  of  the  moon  from  the  node,  at 
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the  mean  opposition  ;  also,  the  true  time  of  the  op- 
position, with  the  true  places  of  the  sun  and  moon 
reduced  to  the  ecliptic ;  also,  the  moon's  true  latitude 
at  the  time  of  the  true  opposition,  the  angle  of  the 
moon's  way-with  the  ecliptic,  and  the  true  horary 
motions  of  the  sun  and  moon. 

525.  The  nature  of  the  computations  may  be 
illustrated  by  taking  for  an  example  the  lunar  eclipse 
which  happened  on  the  25th  of  February,  I79> 
The  necessar)'  elements  deduced  from  iMai/cr  s  labia 
improved  J  are  as  follow : 

The  true  time  of  opposition,  at 

Greenwich  .         .         •  10**  49"  iS* 

The  apparent  time  .         .  10  36     18 

The  sun's  place       .         .         .     ii*     7^51'   43* 
The  moon's  place    .         .         .       5     7     5>    43 
The  place  of  the  moon's  ascend- 
ing node     .         .         .         •      5    J  5     28    37 
The  moon's  latitude,  south       •  40    1 2 

The  sun's  horary  motion  .  231 

The  moon's  horaf}^  motion       .  3^    '' 

.?Ji)*.  Let  N  B  be  a  part  of  the  ecliptic  (fig'5> 
PI.  YIL),  S  the  centre  of  the  earth's  shadow;  through 
which,  perpendicular  to  N  B,  draw  S  D  equal  to  the 
moon's  lalitiyie,  either  above  or  bv:low,  according  as 
the  moon's  latitude  is  north  or  south  ;  therefore,  in 
the  present  case,  below  N  B  :  let  N  D  be  the  moon's 
orbit,  N  the  place  of  the  ascending  node,  and  I)  the 
centre  of  the  moon  when  in  opposition  ;  and  suppose 
the  small  circles  described  about  G,  M,  and  K,  to  be 
the  moon's  disc  in  its  proper  situations  at  the  begin- 
ning, middle,  and  end  of  the  eclipse.  Now,  the 
moon  is  approaching  her   ascendincf  node,  imd  N  S 

=  5;  15^  28'  37''  —  5^  f  5.'  4.f  =  7°.3(''  54' : 
it  N  A  be  toN  8,  as  the  sun's  horary  motion  to  the 
moon's,  in  which  case  A  S  zz  6^  58'  49'',  A  D  will 
be  the  moon's  relative  orbit ^  or  her  orbit  with  respect 
to  the  eye  of  the  observer,  which  is  in  motion  j  then 
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111  the  right-angled  spherical  triangle  SAD,  are  given 
A  S  (as  above),  and  S  D  the  moon's  latitude,  whence 
we  find  ADS  zi  84^  32'  41^,  the  complement  of 
the  angle  which  the  relative  orbit  makes  with  the 
ecliptic.  M  being  the  relative  place  of  the  moon's 
centre  at  the  middle  of  the  eclipse*,  S  M  must  be  per- 
pendicular to  A  D  ;  and  the  triangle  S  D  M  being 
small,  may  be  conceived  rectilinear;  wherefore, 
knowing  S  D,  and  S  D  M,  we  find  M  S  =z  40'  i^\  and 
M  D  iz  3'  50'',  which  is  called  the  reduction.  The 
horary  motion  upon  the  relative  orbit  will  be  found 
by  saying,  as  the  cO'^shie  of  its  inclimitiou  :  radius  :  : 
the  difference  of  the  sun^s  and  moon's  horary  motion  : 
the  horary  motion  upon  the  relative  orbit ;  and  as 
this  relative  horary  motion  :  D  M  : :  one  hour  :  8™  18% 
time  of  describing  D  M,  which  added  to  the  apparent 
time  of  opposition,  gives  lo**  44"*  36*  for  the  time  of 
the  middle  of  the  eclipse. 

5*27.  Now,  at  the  time  of  the  opposition,  the  sun's 
apparent  semidiameter  was  16'  g'\  his  horizontal 
parallax  i)^^  ;  the  moon's  apparent  semidiameter 
14'  50%  and  her  horizontal  parallax  54':  hence 
M  H  z=  14'  50%  and  SB  or  S  //  =  54'  +  ^"  — 
^4'  5^"  —  39'  ^9"  apparent  semidiameter  of  the 
earth's  shadow  (Art.  522.).  Then,  in  the  plane  tri- 
angle S  G  M,  equal  and  similar  to  S  K  IM,  we 
know  S  M,  and  S  G,  the  sum  of  the  semidianic- 
ters  of  the  earth's  shadow,  and  of  the  moon's 
disc,  whence  we  find  MG  =:  M  K  n:  35'  12^';  the 
time  of  describing  which,  is  i^  18™  20%  nnd  tlvj 
whole  time  of  moving  from  G  to  K,  2'*  36'*  40^ ; 
whence  we  readily  find  the  time  of  the  bcginniiig 
and  end  of  the  eclipse.  The  magnitude  of  the  eclipse 
at  the  middle,  is  represented  by  H  ;/,  being  the 
greatest  distance  of  the  moon  within  the  earth's 
shadow,  which  is  measured  in  twelfth  parts  of  the 
diameter  of  the  moon's  disc,  called  digits:  to  find 
which,  we  know  S  M  z:  40'  i^\  and  S  n  zz  SB  zi 
39'  ip^'^j  hence  M  w  =sk  o'  42'';  which  taken  from 
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HM  «  T4''  $o\   leaves   i  '8^^  =  11  n;    therefbre 
14'  50''' :  14'  8^  :  :  6  digits  or  360' :  5**  43'.     Conse- 
quently, on  the  night  of  the  25th  February,  1793, 
The  eclipse  began  at  .         .       9**  26^    16* 
Middle      •         .         •     10    44     36 
End  •        •         .     12      2     56 

Duration   .         .         .       2    36     40 
Digits  eclipsed   .         .       5°  43' 
And  since  the  moon   did  not  set  till  nearly  fouf 
hours  after  midnight,  it  is  evident  the  whole  of  the 
eclipse  was  visible,  unless  the  moon  was  hidden  from 
view  by  clouds. 

5*^§.  The  chief  circumstances  in  lunar  eclipses  are 
here  mentioned  :  i.  All  lunar  eclipses  are  universal, 
or  visible  in  all  parts  of  the  earth  which  have  the  moon 
above  their  horizon,  and  are  every-where  of  the 
same  magnitude  and  duration.  2.  In  all  lunaf 
eclipses,  the  eastern  side  (or  the  left*hand  side,  as  we 
look  towards  her  from  the  north)  is  what  first  im- 
merges  into  the  shadow,  and  emerges  again  ;  for  the 
proper  motion  of  the  moon  being  swifter  than  that  of 
the  earth's  shadow,  the  moon  approaches  it  from  the 
west,  overtakes  and  passes  through  it  with  the  moon'i 
ea>t  side  foremost,  leaving  the  shadow  behind,  or  to 
the  westward.  3.  Although  total  eclipses  of  the 
longest  duration  happen  in  the  node,  yet  there  may 
be  total  eclipses  within  a  small  distance  of  the  nodes, 
namelv,  within  that  distance  where  the  moon^s  lati- 
tude  is  equal  to  the  apparent  scmidia meter  of  the 
eartii^s  sliadoxc^  viinits  the  sonidiameter  of  the  moon^s 
(lise^  but  in  these  situations  the  du-ation  of  total  dark- 
ness will  be  short ;  whereas  in  eentral  eclipses  it  will 
continue  nearly  two  hours.  4.  If  the  earth  had  no 
atmosphere,  the  moon,  when  she  was  totally  eclipsed, 
would  be  invisible ;  but  as  the  earth  has  an  atmo- 
sphere, some  of  the  light  from  the  sun  will  be  re- 
fracted thereby,  and  transmitted  to  the  moon,  on 
which  account  the  moon  will  be  visible  at  that  time^ 
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4ind  appear  of  a  dull  red  colour.  5.  The  moon  be- 
comes sensibly  more  and  more  dim  previous  to  her 
entering  the  real  shadow  of  the  earth  ;  and,  after  she 
has  passed  through  the  shadow,  becomes  more  and 
more  bright  till  she  acquires  her  native  lustre  :  this 
is  occasioned  by  a  part  of  the  sun's  rays  being  ob- 
itructed  while  she  passes  over  the  portions  of  her  orbit 
r  //,  and  s  ;;z,  contained  between  the  lines  B  //,  F  ;/?, 
which  bound  the  part  e  B  C  F  e  (fig.  6,  PL  VII.) 
called  the  Penumbra. 


On  Solar  Eclipses. 

529«  An  eclipse  of  the  sun  is  an  occultation  of  hid 
body,  occasioned  by  an  interposition  of  the  moon 
between  the  earth  and  sun  :  on  which  account  it  is  by 
some  considered  as  an  eclipse  of  the  earth,  since  the 
fight  of  the  sun  is  prevented  from  coming  to  the 
earth  by  the  moon,  whose  shadow  involves  a  part  of 
the  earth.  Let  S  A  R  (fig.  8,  PI.  VII.)  be  a  section 
of  the  sun,  T  G  H  that  of  the  earth,  and  B  D  G 
that  of  the  moon  interposed  directly  between  them  ; 
then  the  part  B  K  C  bounded  by  the  lines  B  K,  C  K, 
drawn  from  A  and  R  to  touch  B  and  C  respectively, 
will  be  the  section  of  the  moon's  shadow,  or  unihraj 
and  the  parts  B  G  t',  ;/  C  H,  bounded  by  R  B  and 
A  C  produced,  will  represent  the  penumbra.  Now, 
if  the  shadow  of  the  moon  extend  so  far  as  to  cover 
a  portion  of  the  earth's  surface  e  a  //,  an  observer 
any-where  in  that  portion  will  have  the  sun  toiallif 
eclipsed  or  hidden  from  his  sight ;  but  if  the  vertex 
of  the  conical  shadow  reach  not  so  far  as  a^  a  spec- 
tator there  will  have  the  sun  centrally^  but  not  to- 
tally,  eclipsed  ;  for  his  disc  will  appear  like  a  bright 
OiimUus^  or  luminous  ring,  the  width  of  which  will 
be  equal  to  half  the  difference  of  the  apparent  dia- 
meters of  the  two  luminaries :  and  an  observer  situ- 


352  Hdipscs  of  the  Sutu 

ated  in  any  part  e  G  or  ;/  H  within  the  penumbra^ 
will  have  the  sun  partially  ech'psed,  some  part  of  his 
disc  being  visible,  and  the  remainder  hidden  by  the 
intervening  body  of  the  moon.  That  the  moon's 
sliadow  does  sometimes  extend  sufficiently  far  to  cover 
a  part  of  the  earth^s  surface,  and  at  other  times  does 
not  reach  so  far,  may  be  thus  shewn :  the  angle 
SDR  =  DRK+  DKR,henceDKH  =SDR 
~DRK;  but  SDR  :STR  :  :ST:SD:: 
390  ;  389(Art.457.),thereforeSD  R  =  ^?  STR; 
and  D  C  being  to  T  L,  as  2*180  :  7960  i  Art.  461.), 
or  nearly  as  -274  :  i,  D  R  C  will  be  to  TRL.  the 
sun's  horizontal  parallax,  in  a  ratio  compounded 
of  the  direct  ratio  of  D  C  :  T  L,  and  of  the  inverse 
ratio  of  S  D  :  S  T ;  whence,  TRL  being  nearly  9*, 
DRC  will  be  9^  X  -j^^.  X  4  §,  or  nearly  fi 
consequently  D  K  R  =  ^  j^.  S  T  R  —  ^\  Now, 
the   angle  S  T  R,    when   least,   is    about    15'  47^ 

(Art.  304.);  2ind  in  this  case  D  K  R  =  15'  47''''  X  *{| 
—  2f^^  =  15'  41'''':  hence,  sine  15'  41'''  :  radius  :  : 
BD  :  DK  :  :  '274  :  6o-o6  semidiameters  of  the 
earth,  length  of  the  moon's  shadow,  when  the  earth 
is  ill  its  aphelion  ;  and  when  it  is  in  perihelion,  S  T  R 
will  be  greater,  and,  of  consequence,  D  K  will  be 
less.  But  the  moon's  distance  from  the  earth  varies 
from  about  ^6  to  64  semidiameters  of  the  earthy 
therefore  in  some  cases,  the  shadow  of  the  moon  may 
fall  upon  a  part  of  the  earth,  and  in  others,  the  ver- 
tex of  the  shadow  may  not  extend  so  far  by  two  or 
three  semidiameters. 

5o().  Let  us  next  determine  how  much  of  the 
earth's  surface  may  be  involved  in  the  moon's  shadow; 
in  order  to  which,  we  must  find  the  angle  r  Ttf  : 
here  we  will  suppose  the  sun  to  be  in  apogee  and  the 
moon  in  perigee,  and  in  that  case,  the  conical  shadow 
will  be  extended  about  4I  semidiameters  beyond  T; 
then, as  T  6' (i) :  T  K  (44)  :  :  sineT  K  6*  =i  15'  41*  i 
wne  KcT  =  i"  /  16'"'^  wherefore  KcT  +  TKe 
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i^  iq!  57^  zz.  aH  e  or  the  arc  ae^  and  double 
this,  or  2^  45'  ^4\  is  the  measure  of//  a  Cj  supposing 
the  earth  to  be  a  sphere;  allowing  69 f  miles  to  a 
degree,  we  have  179*98,  or  very  nearly  180  English 
miles,  for  the  breadth  of  that  spot  on  the  earth's  sur- 
feice  which  is  covered  by  the  moon*^  dark  shadow, 
vrhen  the  sun  s  distance  is  greatest,  and  the  moon's 
distance  (east. 

53 \.  After  a  nearly  similar  manner,  the  greatest 
portion  of  the  earth  ever  covered  by  the  penumbra 
may  be  ascertained  :  in  this  case,  the  moon  will  be  in 
apogee,  and  the  sun  in  perigee.  The  angle  B I D  == 
BRD  +  SDR  =  SDR+DRK  =  i6'2i^''  + 
2''  =  16'  2/;  for  here  S  D  R  z=  3'^;  X  16'  i/, 
and  BG  D  =  14'  45^^  (Art.  46 w).  Then,  as  sine 
BID  :  sine  B  G  D  :  :  GD  :  I  D  :  :  64  :  57-561 
lemidiameters  of  the  earth ;  hence,  D  T  being  64, 
we  have  I  T  z:  1 2 1  '56  semidiameters,  and  T  G  : 
IT: :  sine  TIG  (16'  24^  :  smeTGI=  144^  33'  36^; 
therefore  I  G  N  =  35*  2&  24^^.  But  I  G  N  = 
TIG  +  ITG,of  courseITG  =  IGN  — ITG 
=  35^  10' ;  the  double  of  which  is  70^  20'  for  the 
arch  H  ^  G  :  the  English  miles  answering  to  which 
are  4888,  or  nearly  n-goo;  the  breadth  of  the  por- 
tion of  the  earth's  surface  under  the  penumbral 
shadow  *.  It  is  manifest  from  this  article,  and  the 
preceding,  that  when  ?ic,  under  the  shadow,  is  a 
maximum,  H  G,  under  the  penumbra,  is  a  minimum, 
and  vici  versa. 

532.  The  moon's  mean  motion  about  the  centre  of 
the  earth  is  nearly  33'  in  an  hour,  and  33'  of  the 
moon's  orbit  is  about  2280  miles  ;  which,  therefore, 
we  may  consider  as  the  horary  velocity  with  which 

♦  In  the  case  here  considered,  the  moon  is  supposed  in  the  node, 
ind  the  axis  of  the-  shadow  and  penumbra  pass  through  the  centre 
of  the  earth  ;  but  in  every  other  ca-.e,  both  the  shadow  and  pe- 
nambra  will  be  cut  obliquely  by  the  earth's  surface,  and  the  bounds 
•f  the  icctions  will  beovab,  and  very  nearly  true  ellipses. 
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the  moon's  shadow  passes  over  the  earth,  or,  at  least, 
over  that  part  on  which  the  shadow  falls  perpendicu- 
larly ;  in  every  other  place  the  velocity  will  be  in- 
creased in  the  proportion  of  the  sine  of  the  angle 
which  D  K  makes  with  the  surface,  in  the  direction  of 
Its  motion,  to  radius.     But  it  must  also  be  recol- 
lected,   that  the  earth's  rotation  upon  its  axis  will 
affect  the  apparent  velocity  of  the  shadow,  and  con- 
sequently the  duration  of  the  eclipse :  if  the  point  oi 
the  earth's  surface  be  moving  in  the  direction  of  the 
shadow,  its  velocity  in  respect  to  that  point  will  be 
^minished,  and  consequently  the  time  m  which  the 
shadow  passes  over  that  point  will  be  increased  ;  but 
if  the  point  be  moving  in  a  direction  contrary  to  that 
of  the  shadow,  as  is  the  case  when  the  shadow  falls  (m 
the  other  side  of  the  pole,  the  relative  velocity  of  the 
shadow  will  be  increased,  and  the  time  diminished. 

i3'J.  If  the  moon's  parallax  were  insensible,  or  very 
small,  the  limits  of  a  solar  eclipse  would  be  deter- 
mined after  the  same  manner  as  those  of  a  limar; 
but  because  the  parallax  is  considerable,  the  method 
IS  rather  altered,  i .  Add  together  the  apparent  sc- 
midiametcrs  of  the  luminaries,  both  in  apogee  and 
perigee  ;  this  gives  33'  16''''  for  the  greatest  sum,  and 
30'  31''''  for  the  least.  2.  Since  the  parallax  dimi- 
nishes the  northern  latitude,  and  augments  the 
southern,  let  the  greatest  parallax  in  latitude  be 
added  to  the  former  sums,  and  also  subtracted  from 
them  ;  the  sum  or  difFerciice  \vill  in  each  case  give 
the  latitude  beyond  which  there  can  be  no  eclipse; 
this  latitude  being  given,  the  distance  from  the  node 
is  readily  determined,  and  is  found  to  be  from  i6i* 
to  187^,  according  to  circumstances,  for  the /iw/, 
beyond  which  there  can  be  no  solar  eclipse.  Or,  for 
this  purpose  M.  Caas'tui  gives  the  following  directions: 
*'  Find  the  time  of  the  mean  conjunction,  andai 
that  time  find  the  sun's  mean  longitude,  also  the  lon- 
gitude of  the  moon's  node  ;  and  if  the  difference  of 
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these  be  less  tban  21^,  diere  m/rj  be  m  scircse  ;  but 
if  the  difference  be  less  than  rj^.itars  "v.uc  re  :ae  ' 
But  perhaps  it  may  be  herter  ro  ei^Loin  mcr^  tJ.-  zn 
what  the  solar  ecliptic  limit  depends  ;  re  chis  zmtzc^j^ 
let   us  enquire  vbat  would  be  die  acpsrsnt   semi' 
diameters   of  the  earth's   dac,    ind  zi  Ae  t.cuxl'i 
shadow  and  penumbra  therecn,  if  "iewsd  ~ci  /.i 
moon  :  the  earth's  apparent  x^zaSsxcjsssr  i   xsr^- 
festly  equal  to  the  mccn'i  bcnzcticil  pariilaT  ;  -^rt 
apparent  semidianKter  of  the  c:»:>itL  i  iark  ihs^ii-^w  :: 
nearly  equal  to  the  moon's  a^parcir  iezixi:i;^ju:r^^ 
minus  the  sun's  apparent  yirrffernggr     iniei.^  'Ztt 
sun's  apparent  semuiiaaieter  be  grsscssr,  ac  7ha:.*i 
time  the  shadow  does  noc  reac!i  die  ear^  ;  iir  a 
the  triangle  B/7K9  KB^^rB^fS  —  ZZl  ^ 

midiameter  nearhri    and   dse  aocarsoc   y:n;VJanut^ 

ter  of  the  moon's  penumbra  acca  tse  eari^x  iJirfi*--* 

is  nearly  equal  to  the  ^appoxecr  i^rrfi^itainifrff  -.f  rie 

sun,  plus  the  horizootal  iexcicSaxnecer  c£  "fie  txcox 

augmented  according  to  ici  alrfcnde ;  fi:r  G  D  :  s=: 

GID  +  IGD  =  BID  4-BGD  =  -Trrr&^x  ,r 

the  great  distance  of  S  T  with  reipecr  v^  T  D    A  7  '. 

+  BGDnearly.    Therefore,  let  A  E  ;%.  5.  ?!  *     .^ 

represent  a  p,  onion  of  the  atvpr.af  orbit,  a&d  F  ?:    .''^ 

visible  path  of  the  centre  cf  ie  knar  jhi^-.,nf ;.  -vr... 

will  exactly  correspond  ts  the  pc«xn  ct  -i-e  r.vxr.  ; 

orbit  with  respect  to  the  ccHptsc  in  :he  h«%.^*r.  i-  ^; 

therefore  the  point  of  intenec:icti  ?•  -si.".  >t  •?.**  r.rr.  ^, 

and  the  angle  H  N  E  the  inclinafscr^  cf  -i-jt :  .r.u '  -  -  %  • 

to  the  plane  of  the  ecliptic*     Abr>,  kf  A  ?  O  '.  /  ^ 

present  the  disc  of  the  earth  fjkcc.riir.y  v,  "!-  -  "  •'  ,^ 

graphic  pro'jtctuyii)  in  the  se7er2l  pJao^  **",  r>,  ^..  TJ, 

its  semidiameter  beinor  made  enu^il  to  '^^  r:.,:  .v    .n 

the  moon's  horizoniAl   parillaz  ar  'h-^  •.:..;  c?  *    - 

eclipse ;  let  the  small   dark  drclet  d^tcr).>::-i  '«'''^'  '• 

the  centres  N,  R,  L,  G,  be  the  appar-tnf  v>'.'j^rii  ^f 

the  shadow  in  those  poiitioiu^  and  the  larg^^  dotf.d 
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circles  about  the  same  centres,  the  respective  sections 
of  the  penumbnu  Then  it  is  evident,  if  the  moon^ 
when  near  conjunction,  be  at  the  distance  N  G  from 
the  node,  the  penumbra  will  not  fall  near  the  earth's 
disc,  wherefore  there  can  be  no  eclipse  in  that  situa-* 
don<  If  the  moon^s  distance  from  the  node  be  equal 
to  N  L,  the  penumbra  will  just  touch  the  disc,  and 
consequently  N  C  will  be  the  earth's  greatest  distance 
from  the  node  at  which  the  sun  can  be  at  all  eclipsed : 
here  L  C  is  perpendicular  to  N  L,  and  is  nearly  equal 
to  the  moon's  horizontal  parallax,  added  to  the  sum 
of  the  sun's  and  tnoon's  apparent  semidiameters, 
which  varies  from  about  i^  35'  to  1°  32^,  and  gives 
the  solar  ecliptic  limit  as  before  stated.  When  the 
moon's  distance  from  the  node  is  N  R,  the  ecliptic 
conjunction  being  at  //,  the  dark  circle  touches  the 
earth^s  disc,  and  N  B  is  the  limit  for  total  eclipses ; 
tlierefore  between  B  and  C,  or  R  and  L,  the  eclipse 
will  be  partial.  If  the  moon  be  new  at  N  the  node, 
there  will  be  a  central  eclipse,  which  will  be  either 
total  or  annular,  according  to  the  respective  distances 
of  the  sun,  moon,  and  earth,  as  has  been  previously 
observed  in  Art.  529. 

.534.  Solar  eclipses,  or,  as  they  may  be  called, 
eclipses  of  the  earth,  may  be  calculated  in  the  same 
manner  as  eclipses  of  the  moon,  if  we  have  not 
respect  to  a  particular  place  ;  but  when  we  wish  to 
know  the  times  of  beginning  and  ending,  the  digits 
eclipsed,  &c.  as  seen  from  any  particular  point  on 
the  earth's  surface,  the  calculations  become  much 
more  complicated  and  tedious ;  we  will,  however, 
endeavour  to  exemplify  them  by  taking  a  particular 
instance,  as  was  done  in  lunar  ecb'pses.  At  the  new 
moon  which  happened  on  September  5,  1793,  the 
place  of  the  moon  was  within  the  limits  for  solar 
eclipses  ;  let  us,  therefore,  ascertain  the  duration  and 
magnitude  of  the  eclipse,  as  it  was  then  observed  at 
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Greenwich.    Here  the  elements,  as  deduced  from 
Mayer* s  Tables  improvedy  are  as  below  : 

The  true  time  of  conjunction,  Sept.  4**  23^  52"*  32* 
Longitude  of  the  sun  and  moon  5'  13**  16'  34" 
Latitude  of  the  moon  N,  as* 

cending     •         •        •         •  40    21 

Moon's  horizontal  parallax     .  54      3 

Her  apparent  diameter    ,         ,  29    28 

The  8un*s  apparent  diameter   •  3^    45 

The  moon's  horary  motion     .  29    48 

The  sun's  ditto     •        ,  2    26 

Horary  motion  of  the  moon 

from  the  sun     .         •        •  27    22 

5?5.  In  the  first  place  we  must  find  the  way  of  the 
moon  from  the  sun ;  in  order  to  which,  let  H  Z  O 
(fig.  I,  PL  VIII.)  be  the  meridian  of  the  place,  H  O 
the  horizon,  G  B  the  equinoctial,  G  E  B  the  eclip- 
tic, Z  the  zenith,  P  the  elevated  pole,  S  and  M  the 
places  of  the  sun  and  moon  in  conjunction ;  P  S  F  the 
sun's  meridian.  Having  found  wS  =  7^  37'  39''', 
the  sun's  distance  from  the  node,  take  ;/  A  to  /•  S  as 
the  sun's  horary  motion  to  that  of  the  moon  ;  then 
S  A  =  6^  59'  52^  Draw  MA:  then  in  the  spheri- 
cal triangle  ASM,  right-angled  at  S,  are  given  A  S 
and  SM,  to  find  the  angle  AM  S  =  84^  32^  18'', 
M  A  being  the  moon's  way  from  the  sun.  But  be- 
cause the  eye  of  the  observer  is  in  motion,  in  conse- 
quence of  the  rotation  of  the  earth,  which  commu- 
nicates an  apparent  motion  to  the  moon,  contrary  to 
that  of  the  observer,  the  quantity  and  direction  of 
that  motion  must  be  found.  Here,  since  the  observer 
is  carried  eastward,  that  is,  towards  the  point  C,  the 
apparent  motion  i|i  the  moon  caused  thereby  will  be 
in  the  line  C  S  ;  to  determine  the  position  of  which  in 
respect  of  A  M  or  S  M,  it  is  requisite  to  proceed  as 
follows :  in  the  right-angled  triangle  B  F  S,  there 
arc  given  SB  and  the  angle  B,  to  find  FS  =  6^  3  s'  3^ 
Wxd  B  S  F  ;,;=  P  S  A  =  67-^  24'  ^8'^.    In  the  triangle 
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ZPS  arc  given  PZ  the  co-latitude,  PS  the  com^ 
plement  of  F S,  and  the  hour  angle  ZPS,  to  find 
ZS=44^58',  PZS  =  177^  22^32^andZSP== 
i^  38'  3/.  Then  Z  S  P+A  S  P— A  S  M  {gd")  ^ 
Z  S  iVI  ==  20*"  5&  28^.  In  the  right-angled  triangle 
C  S  D  are  given  C  D  and  D  S,  for  C  D  is  the  mea* 
sure  of  the  angle  C  Z  D  =  P  Z  S— C  S  P  (90^),  and 
D  S  =  the  comp.  Z  S ;  whence  C  S  =  88°  8'  45^ 
arid  C  S  D  =  N  S  Z  =  88°  8'  4^'.  Then  N  S  Z 
—  Z  S  M  =  N  S  M  =  67°  12'  i/,  and  180°  — 
AMS=NMS  =  95O  27'  42^;  consequently,  S  M 
being  known,  the  angle  M  N  S  may  be  found  =  17' 

.53(y.  The  quantity  of  the  apparent  motion  along 
S  N  must  then  be  found,  and  compounded  with  that 
along  AN,  which  is  already  known.  The  sine  of 
15^,  the  horary  motion  of  a  point  in  the  equator,  is 
•258819  to  the  radius  i :  and  if  p  be  the  moon's 
horizontal  parallax,  the  radius  of  the  earth  appears 
at  the  moon  under  the  angle  /;,  and  1 5°  of  the  equa- 
tor under  the  angle  '2588  /;,  which  is  the  horary 
motion  of  a  point  in  the  equator,  viewed  directly  from 
the  moon  ;  and  the  moon's  apparent  motion,  as  seen 
from  that  point,  is  manifestly  the  same.  But  this 
motion  must  be  diminished,  first,  in  proportion  to  the 
co-shie  of  the  latitude  of  Greenwich  (or  any  other 
place  given  out  of  the  equator^,  because  its  motion  is 
in  a  parallel  circle;  and,  secondly,  in  proportion  to  the 
sine  of  C  S,  the  sun*s  distance  from  the  east  (or  west) 
point  of  the  horizon  (Art.  532.);  therefore,  to  the 
log.  of  -2588  /;,  add  the  log.  co-sine  latitude,  and 
the  logt  sine  of  C  S,  the  sum,  abatmg  twiceyJog.  ra- 
dius, is  log.  of  8'  4i^\  the  apparent  horary  motion 
along  S  N.  To  compound  this  with  the  known  mo- 
tion along  A  M  N,  let  A  S  (fig.  2,  PL  VIIL;  be  apor- 
tion  of  tl^  ecliptic,  M  A  the  moon's  way  from  the 
^un,  S  N I  he  direction  of  the  apparent  motion :  draw 
MR  parallel  to  SN,  and  let  MR  be  the  horary 
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motion  along  S  N,  and  M  K  the  horary  motion  of 
the  moon  from  the  sun ;  then  complete  the  paral- 
lelogram R  M  K  W,  draw  the  diagonal  M  W  O , 
which  is  the  direction  of  the  motion  compounded  m 
that  of  the  observer  and  that  of  the  moon^  and  M  W 
is  the  total  apparent  horary  motion,  supposing  the 
observer  at  rest.    Then,  in  the  plane  triangle  M  W  K 
are  given  M  K  =  2/  22%  and  K  W  =  8'  41%  and 
the  angle  MKW  =  MNS  =  17°  20'  46^;  whence 
wefind  W  MK  =  7^  45'  43^  and  M  W  —  19'  13^ 
the  absolute  horary  motion  ;  and  the  angles  W  M  K 
and  KMS  being  known,  we  know  SN  W  =  92** 
18'  i^     Here,  the  sun  being  in  the  eastern  hemi- 
sphere, the  concave  side  of  that  hemisphere  is  projected 
in  fig,  1,  PL  VIII.  the  moon's  morion  from  the  sun 
is  from  M  towards  A,  and  the  other  apparent  morion 
from  S  towards  N  in  either  figure.     But  when  the 
sun  is  in  the  western  hemisphere,  the  convex  side  of 
the  sphere  is  represented  in  the  projection ;  and  then 
the  moon  moves  from  the  sun  in  the  direction  A  M  j 
the  other  apparent  motion  is  also  contrary. 

537*  Next  find  the  moon's  parallax  of  alritude, 
by  saying,  as  radius :  co-sine  D  S,  the  sun's  alritude, 
;  :  54'  ^^^  the  moon's  horizontal  parallax :  her  paral- 
lax M  ;yi  =  V  ^  (fig.  3,  PI.  VIII.)  =  38'  1 1'\  Then, 
in  the  right-angled  spherical  triangle  M  //  w,  are 
given  M  w,  and  the  angle  m  M  n,  to  find  M  n  = 
SS'  38'^  her  parallax  in  latitude,  whence  S  y/  =  40' 
21^ —  35^  38^  =  4'  43''''  her  remaining  latitude,  and 
fra  /;  r=  S  ^  =  13'  39''''  her  parallax  in  longitude,  which 
must  be  added,  because  the  moon  is  to  the  east  of  the 
nonagesimal  degree ;  but  it  must  be  subtracted  when 
the  moon  is  to  the  7cest. 

53b.  Draw  GS  (fig. 4,  PI. VIII.)  for  the  eclipric,  and 
at  any  point  S  erect  the  perpendicular  M  S  =  4'  43^ 
the  moon's  latitude  corrected  for  parallax  ;  through 
M  draw  the  line  N  M  O,  making  the  angle  S  M  Q^== 
92^  18'  i^^  v^found  Art.  536.) ;  this  line  will  be  the 
piQon's  apparent  path,   *Draw  S  P  perpendicular  \j3 
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]M  Q^  then  S  P  v^ill  be  the  least  distance  of  the  c^n* 
tre^  of  the  iuminaries,  and  S  the  point  of  greatest 
obscuration  ;  or,  on  the  supposition  that  L  (^  is  a 
straight  line  (\vhich  is  nearly,  though  not  exactly, 
true),  P  will  be  the  place  of  the  moon's  centre  in  the 
middle  of  the  eclipse.  From  the  centre  S,  with  the 
radius  S  B  :=  1 5'  5  2t^,  describe  the  circle  B  D  C  for 
the  sun's  disc ;  and  from  the  centre  P,  with  the  ra- 
dius P  A  ;=  14'  44^,  describe  the  circle  D  A  C  for 
the  moon's  disc  ;  also  make  S  H  and  S  L  each  equal 
to  the  sum  of  the  radii  of  the  discs  of  the  sun  and 
moon ;  and  the  moon's  centre  will  appear  at  L  when 
the  moon's  disc  first  touches  the  sun's,  or  at  the  be- 
ginning of  the  eclipse,  and  H  will  be  the  apparent 
place  of  the  moon's  centre  at  the  end  of  the  eclipse. 
Then,  in  the  triangle  P  S  L  are  given  S  L  and  S  P 
(found  frojn  the  triangle  S  P  M),  to  find  P  L  ss 

^S  L*  —  S  P-  =  30'  14''  =  BH :  hence,  19'  13^ 
(Art.  536.)  :  I  hour:  :  30'  14^ :  i*»  34'"  23*  half  the 
duration  of  the  eclipse.  Now  the  moon  at  the  mid- 
dle 01  the  eclipse  is  past  P,  or  (since  P  and  M  are 
exceedingly  licar)  past  the  apparent  conjunction  by 
the  distance  of  13^  39''  her  parallax  in  longitude, 
which,  at  the  rate  of  19'  1^^^  per  hour,  gi/es  42™  37* 
to  be  subtracted  from  the  time  of  apparent  conjunc- 
tion, for  the  middle  of  the  eclipse. 

5:i9.  To  find  the  digits  eclipsed,  we  have  //  0  = 
S  n  +P  0  —  PS,  or  the  sum  of  the  apparent  semi- 
diameters  of  the  luminaries  )ni}ni,s  the  moon's  appa- 
rent latitude,  which  gives  25'  53^'  for  the  scruples 
immersed  ;  then  15^  52''' :  6^  :  :  25'  53''' :  9^  47^  the 
digits  eclipsed,  on  the  sun's  north  or  upper  limb. 

Hence,  on  Sept.  5,  1793,  the  apparent  time  at 
Greenwich,  of  the 

Beginning,  was        .         .      9*^  35'"  32*  A.  M. 

Middle  .         .         .    11       9     55 

End  .         .         .      o    44     48  P.  M, 

Duration         .         .         .      3      8     46 

Digits  eclipsed  •         •      gj  47' 
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Ip  latitudes  north  of  Greenwich  the  ech'pse  was 
greater ;  in  the  northern  parts  of  Scotland  it  was  an- 
nular, and  the  digits  eclipsed  were  about  iif.  But 
this  eclipse  was  not  any-wliere  total j  because  the  dark 
conical  shade  of  the  moon  did  not  quite  extend  to 
the  earth.  This  was  the  greatest  solar  eclipse  which 
has  happened  in  England  since  that  on  April  i, 
1764..  There  will  be  one  nearly  as  great  on  Nov.  19, 
i8i6;  when  about  9^  digits  will  be  eclipsed:  and 
on  Sept.  7,  182c,  and  May  15,  1836,  there  will  be 
«olar  eclipsv-s  which  will  be  nearly  total,  in  the  middle 
parts  of  England  *. 

54i\  In  the  above  calculation  no  allowance  has 
been  made  for  the  variation  of  t;he  moon's  apparent 
velocity  during  the  time  of  the  eclipse ;  this  will  in- 
duce some  errour,  which,  as  well  as  other  errours 
wliich  may  have  crept  into  the  process,  may  be  thus 
corrected.  At  the  estimated  time  of  the  beginning 
of  the  eclipse,  find,  from  the  horary  motions  and 
computed  parallaxes,  the  apparent  latitude  L  r  of  the 
moon,  and  its  apparent  longitude  S  r  from  the  sun ; 

then  S  L  =  ^S  ri+/'L^:  if  this  be  equal  to  t'.c 
sum  of  the  apparent  semidiameters  of  the  sun  and 
moon,  and  the  horary  motions  be  properly  taken, 
the  estimated  time  requires  no  correction  ;  but  if  S  L 
be  not  equal  to  this  sum,  assume  another  time,  cither 
a  small  interval  Iw/nrc  or  f//tvr  the  estimated  time  of 
beginning,  according  as  SL,  thus  found,  is  A*  s  or 
grtater  than  the  sum  of  the  apparent  semidiameters; 
to  that  time  compute  the  moon's  apparent  latitude 
and  longitude,  and  thence  find  S  L,  by  taking  the 
square  root  of  the  sums  of  the  squares  of  this  com- 

*  Other  great  sohr  erlipcs  will  happen  in  Englar.fl,  on  O^t. 

p,  1847,  A.M.  .  .  March  iq,  1858,  A  M.  .  .  Aug.  19,  18S7, 
J^.M.  .  .  April  17,  19 1 3,  A.M. .  .  April  8,   192 1,  A.M.  .  .  lVi». 

15,  1961,  A.M.  .  .August  u,  1999,  A.M.  The  duration  au'l 
magnitude  of  either  of  which^  the  student  may  calculate^  as  aa 
Agreeable  exercise  for  his  leisure  hours. 


364  Number  of  Eclipses. 

will  occupy  nearly  173  days.  And  if  ndther  node 
be  within  17^  of  the  sun  at  the  time  of  new  nioon^ 
he  will  be  eclipsed  ;  and  at  the  subsequent  oppo- 
sition the  moon  will  be  eclipsed  near  the  other 
node,  and  come  round  to  the  next  conjunction  bc» 
fore  the  former  node  be  1 7^  from  the  sun,  when  he 
will  be  again  eclipsed.  When  three  eclipses  hap* 
pen  about  either  node,  the  Hke  number  commotoly 
happens  about  the  opposite  one ;  as  the  sun  comei 
to  it  in  173  days  afterward,  and  six  lunations  ccai* 
tain  only  four  days  more.  Thus  there  may  be  two 
eclipses  of  the  sun,  and  one  of  the  moon,  about  each 
of  the  nodes  ;  and  the  twelfth  lunation  from  the 
eclipse  in  the  beginning  of  the  year  may  give  a 
new  moon  before  the  year  is  ended,  which^  in  con- 
sequence of  the  retrogradation  of  the  nodes,  mai 
be  within  the  solar  ecliptic  limit ;  and  hence  thcit 
may  be  seven  eclipses  in  a  year,  //re  of  the  sua 
and  Irco  of  the  moon.  But  when  the  moon  changes 
in  either  of  the  nodes,  she  cannot  be  near  enough 
the  other  node  at  the  next  full  moon  to  be  eclipsed; 
and  in  six  lunar  months  afterwards  she  will  change 
near  the  other  node  ;  in  which  case  the:e  cannot 
be  more  than  two  eclipses  in  a  year,  both  of  the 
sun.  The  ecliptic  limits  of  the  sun  (Art.  533.)  arc 
greater  than  those  of  the  moon  (Art.  523.J,  and 
hence  there  will  be  more  solar  than  lunar  echpseSi 
as  they  will  nearly  bear  the  proportion  of  their  limits, 
viz.  about  four  to  three.  But  more  lunar  than  solar 
eclipses  are  seen  at  any  given  place ;  because  a  lunar 
eclipse  is  visible  on  a  whole  terrestrial  hemisphere  at 
cnce,  whereas  a  solar  eclipse  is  visible  only  on  a  por- 
tion of  a  hemisphere. 

o4:].  Since  ecHpses  depend  upon  the  position  of 
the  sun  and  moon,  with  respect  to  the  nodes,  it  i% 
manifest,  that  when  they  are  in  the  syzygies,  and 
have  the  same  situation  with  respect  to  the  nodes^the 
eclipses  will  return  and  appear  as  before :  the  space 
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♦f  tima  after  which  the  same  eclipses  rctum  again  is 
;<alled  i/rc  period  of  eclipses.  Now,  as  the  nodes 
move  backwards  igy"  every  year,  they  would  shift 
through  all  the  points  of  the  ecliptic  in  eighteen  years 
>nd  225  days;  and  this  would  be  the  regular  period 
of  the  return  of  eclipses,  if  any  complete  number  of 
limations  were  performed  in  ir,  without  a  fraction  ; 
but  this  Is  iLOC  the  case.  However,  in  223  mean' 
nmattons,  after  the  sun,  moon,  and  nodes,  have  been 
pnce  in  a  line  of  conjunction,  they  rctum  so  nearly 
ID  the  same  state  again,  that  the  same  node  which 
■ras  in  conjunction  with  the  sun  and  moon  at  the 
Icginning  of  these  lunations  will  be  nviihin  28'  12*  of 
me  line  of  conjunction,  when  the  last  of  these  lunations 
■  completed  ;  and  in  this  period  there  «'ill  be  a  regu- 
BT  return  of  eclipses,  till  it  be  repeated  about  forty 
Dines,  or  in  about  720  years,  when  the  line  of  the 
^des  will  be  28'  X  40  from  the  conjunction,  and 
liill,  consequently,  be  beyond  the  ecliptic  limits : 
mis  is  called  the  Plimtin  period^  or  Clinl'lcan  .sums; 
K  contains,  according  to  Ur.  liallcy,  1 8  Julian  years 
ti  days  7  hours  43  minutes  20  seconds ;  or, 
Iccording  to  Mr.  Ferguson^  18'  ii''  7''  42""  44*. 
In  an  interval  of  557''  zi*"  18'  1 1""  51",  in  which 
Biere  are  exactly  6890  m^Jn  lunations,  the  conjunc- 
Bon  or  opposition  coincides  so  nearly  with  the  node, 
Bft  not  to  bediiitant  more  than  1  i'.  If,  therefore,  to 
Uie  mean  time  of  any  solar  or  lunar  eclipse,  we  add 
Ihis  period,  and  make  the  proper  allowanae  for  the 
ptercalary  days,  we  shall  have  the  mean  time  of  the 
petum  of  the  same  eclipse.  This  period  is  so  very 
bear,  that  in  5ooo  years  it  will  vary  no  more  from  the 
Bruth,  as  to  the  restitution  of  eclipses,  than  84  minutes 
bf  a  degree. 

r  544.  The  doctrine  of  eclipses. is  of  consMerable 
advantage  and  utility.  From  hence  we  deduce  a 
trong  confirmauon  of  the  conclusions  ariivei  at  in 
:  first  chapter,  respecting  the  figure  of  the  earth ; 
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for,  in  all  lunar  eclipses,  the  shadow  of  the  earth  upoo 
the  moon's  disc  is  always  bounded  by  an  arc  very 
nearly  circular  ;  which  could  not  happen,  unless  the 
shadow  of  the  earth  in  all  situations  was  nearly  cxrn^ 
cal,  and,  consequently,  the  earth  itself  nearly  sphericaL 
Lunar  eclipses  also  prove  that  the  sun  is  larger  tbaa 
the  earth,  and  the  earth  larger  than  the  moon ;  thic 
the  sun  is  larger  than  the  earth,  because  the  shadoir 
of  the  earth  ends  in  a  point,  which  it  could  not  do  if 
the  sun  were  smallest ;  and  that  the  earth  is  larger 
than  the  moon,  because  the  whole  of  the  mocm'i 
body  is  sometimes  involved  in  the  earth's  shadow,  and 
a  section  of  this  shadow  at  the  moon's  orbit  is  much 
less  than  the  earth  itself.     Eclipses  also,  that  are 
similar  in  all  circumstances,  and  that  happen  at  con* 
siderable   intervals  of  cime,  serve  to  ascertain  tk 
period  of  the  moon's  motion  (Art.  440.).     In  geo- 
graphy, the  advantages  resulting  from  eclipses  are 
very  great ;  for  by  them  we  can  discover  the  lonn* 
tudes  of  different  places,  especially  by  those  of  the 
moon,  which  are  most  often  visible,  and  the  same 
lunar  eclipse  being.of  equal  magnitude  and  duration, 
and  beginning  at  the  same  absolute  moment,  at  all 
places  where  it  is  seen  (Art.  666.).     Eclipses  also 
lend  their  assistance  in  removing  doubts  respecting 
the  particular  times  of  ancient  historical  events,  and 
thus  render  essential  service  to  chrojiology ;  for  we 
find  that,  even  in  the  histories  of  Herodotus  and 
Thucjfdidcs'^  there  are  no  regular  dates  for  the  cvcnti 
recorded,  and  that  no  attempts  were  madje  to  establish 
a  fixed  2cra  until  the  time  of  Ptolcwy  Plnladtlphu*^ 
who  t  ndeavoured  to  effect  it,  by  comparing  and  cor- 
recting the  dates  of  the  Olympiads,   the   kings  of 
Sparta,  and  the  succession  of  the  priestesses  of  Juno  at 
Argos.     Now  if,  near  the  time  of  any  memorable 
event  recorded  in  history,  a  remarkable  solar  or  lunar 
eclipse  be  also  recorded,  we  may  know  whether  the 
realtime  of  this  event  is  rightly  determined,  by  a  proper 


Unes  of  Eclip^es4  367 

application  of  the  doctrine  of  eclipses.    Thus  we 
learn  from  the  testimony  of  the  ancients,  that  T hales 
predicted  a  total  solar  eclipse,  which  was  to  happen 
either  at  Sardls^  or  MUetuny  in  the  4th  year  of  the 
48th  Olympiad ;  which  happening  agreeably  to  the 
prediction,  brought  about  a  peace  between  the  Mtdts 
and  Lydiam.    Modem  chronologers  say  this  peace 
took  place  in  the  585th  year  before  Chmt ;  axid  we 
find,  by  means  of  the  periods  of  eclipses,  that  a  very 
signal  solar  eclipse  happened  on  the  iSth  of  ^Ix-j  in 
that  year,  corresponding  to  the  present  i  -sth  ^t  rhar 
month,  which  confirms  the  zcaxnxrr  ci  :he  'ia::^ 
Again,  T/iucj/dide^  relates,  that  a  aclar  edipiit  r^z^ 
pened  on  a  summer's  day  in  the  aftemocn,  :r.  Wtt 
first  year  of  the  FetopcnntJtlan  war,  which  -xii*^v5 
was   so   great   that   the  stan  appeared.      Thi;    % 
stated  by  modem  aothors  to  bare  teea  si  chit  7  ^r 
431  betore  Christ ;  and,  by  coT3putari:ii.  'x  \zrj>^r\^ 
that  on  the  3d  of  Auguit  tha:  year  ther*  -^^i  k  -r  ^:' 
solar  eclipse,  which  parsed  over  K::jsa  i/xi.~    .z 
o'clock  in  the  aftcrrifXin;  "ih^  !her*:V.r*,  v,r- -/.*,-. 
.rates  the  decision  cf  the  chr'.r^,>.'v*TU     A.*..       it 
same  might  be  ihewn  in  cr^arri'  '-.fbsr  ■r^r;c/..^r.,  \  v-? 
the  appearances  reviMr-g  froTr.  *!**  -xc^'.ri:-.r.r.  •  v/» 
found  to  correspond  ai  nea:r»y  -tl-r.  'iiVK  .'*--.',»' :;v:  *  s 
can  reasomibly  be  txj^ir^td.  v.r..iliitr^-,>;  r-.i*  ..-;« • 
able  errours  which  rr:--*  ir*r^^  Vj*  ••^w  v.r  :  • ..-    .: 
tables.      In  one  ::;i*crLc:  L'-irAi.^t,  '.'it  ^y  •  •/.«*     • 
eclipses  fumiihes  ui  -aiv.  *:.  ::'::y,r'J%:s  v^'v  ir    /, 
the  vulgar   mode    of   rtr/r/.^i::^ :    *^  A..      '.-.     >  ^ 
masters  of  chror.<>!c^'T.^  ii  Mr. 7r.-  .  :-  v/-:" 
his  y/.y/r<»/o/..//6-/  /^^ . ;  -^z,  ^  ij^  v^,: 
the  chri-^tian  a:T*,  •  h>J'.  Lir.-,  v*;.>c  :  ^/i 
ages  pa^t,  i*  !c'>:  •:*<:.  vLi.-  >•  vu;:' 
whole  veirt  i.:  k-^v.     !•  vr  ^  •.»-'*:i 
that  the  chriirJi:.  <:r<-  v ;  .i.: 
of  our  Siric;',;r,  o.:vr  -.v  >:. 
the  Great;  aid  l-i    uit  vrj'.:v,i'^*   v    y. 
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ecKpse  of  the  moon  happened  in  Judea  a  few  monthf 
before  the  death  of  that  Herod  ;  which  same  eclipse 
the  astronomical  tables  do  most  ccrtainlv  shew  to 
lave  been  the  fdiirtb  year  before  the  chnstian  aera, 
and  in  the  month  of  March ;  it  appears  plain  that 
there  is  a  great  mistake  in  the  christian  accounts^  and 
that  there  is  more  credit  to  be  given  to  this  one 
astronomical  criterion,  than  to  the  longest  tradi- 
tion."* 


On  Occultations  of  the  fixed  Stars  by  the  Moon. 

545.  There  is  no  method  of  determ'inins^  whether 
there  will  be  an  occultation  of  a  fixed  star  by  the 
moon,  previous  to  the  calculation  of  the  apparent 
place  of  the  moon  at  the  ecliptic  conjunction ;  but 
we  may,  from  the  course  of  the  moon,  conjecture 
when  there  will  probably  be  one.  According  to  M. 
Cassini^  those  stars  whose  north  and  south  latitudes 
do  not  exceed  6^  36'  may  suffer  an  occultation  some- 
where upon  earth  ;  and,  if  the  latitudes  are  not  greater 
than  4°  32',  they  may  be  eclipsed  on  any  part  of  the 
earth.     Compute  the  time  of  the  mean  conjunction, 

♦  It  appears  worth  while  to  observe  here,  that  the  time  of  a 
very  celebrated  event  in  the  early  history  of  our  own  country  has 
been  asccrrained  with  great  exactnea'-,  and  tiiat  in  a  considerable 
degree,  though  not  entirely,  by  means  of  an  eclipse.  The  inva- 
sion of  Julius  C.rsar  is  stated  by  some  historians  to  have  taken 
place  in  the  year  52  before  Jesus  Christ,  by  oiiicrs  in  the  year  5f, 
and  by  others  in  the  year  56.  But  Dr.  Ha!!e\\  in  No.  IQ3  of  the 
PhiJ.  I  fans,  determines  the  time  of  thi-.  invasion  to  a  d^ty^  and  iayi 
Che  landing  was  effected  on  the  26th  of  Aiiguft,  in  the  year  of  tiie 
world  3950,  the  year  of  Rome  699,  or  ilie  55^1  before  the  usual 
christian  .era.  He  was  led  to  this  decision,  partly  by  calculating 
the  time  of  that  lunar  eclipse^  of  which  Dusus  made  such  successful 
Ti<ic  to  quiet  the  Pannon'an  army  upon  rhe  death  of  ylu£us:uj,  2nd 
partly  by  c^mpiiiing  the  time  of  the  full  moon,  previous  10  which 
Cxsar  landed  hi:>  legions,  and  considering  the  pheaotncoa  of  the 
tides  on  the  Kentish  coast  at  that  pariicuiar  period. 
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and  at  that  time  the  moon's  true  latitude ;  then,  if 
the  dilFerence  of  the  latitudes  of  the  moon  and  star 
exceed  i^  37',  there  can  be  no  occultation ;  if  the 
difference  be  less  than  5 1',  there  musi  be  one  some- 
where on  the  earth ;  between  these  limits  it  is  doubt- 
Sal  whether  there  will  be  one  or  not. 

546.  When  it  is  determined  that  there  may  be  an 
occultation^  deduce  from  astronomical  tables  the 
apparent  time  of  the  iecliptical  coujuncuon  of  the 
moon  and  star  at  the  place  for  which  the  calculation 
is  made,  and  for  the  same  time  their  longitudes  and 
latitudes,  parallax  and  txixt  diameter  of  the  moon,  the 
horary  motion  of  the  moon  in  longitude  and  latitude, 
as  also  the  star's  right  ascension,  dechnation,  and  th« 
obliquity  of  the  ecliptic ;  then  take  the  moon's  side- 
real horary  motion,  which  is  her  horary  motion  dimi- 
nished by  xfr  of  itself;  for  the  latitude  of  the  moon 
at  her  conjunction  with  the  star,  take  the  evccs.s  or 
defect  of  the  moon's  latitude,  compared  with  that  of 
the  star  either  uortli  or  soutk ;  assume  the  appdrcnt 
time  of  the  starts  transit  over  the  meridian,  which  is 
(Art.  171.)  the  sun's  right  ascension  in  time  sub- 
tracted from  that  of  the  star ;  and  to  calculate  the 
rime  of  occultation  proceed  agreeably  to  the  follow- 
ing rules : — 

o47.  Rule  I.  To  the  arithmetical  complement  of 
the  co'sine  of  the  star's  latitude,  add  the  co-sine  of  its 
right  ascension,  and  the  sine  of  the  obliquity,  the  sum 
is  the  sine  of  the  angle  of  inclination  j  and  is  to  the 
right  hand  of  the  northern  axis  of  the  ecliptic,  if  the 
star's  longitude  be  between  three  and  nine  signs 
otherwise  to  the  left. 

.  548.  IL  To  the  arithmetical  complement  of  the 
logarithm  of  the  moon's  sidereal  horary  motion  in 
seconds,  add  die  logaridim  of  the  noon's  horaru 
motion  in  latitude  in  seconds,  the  sum  is  the  ^^/o-  vX 
of  the  angle  of  inclination  of  the  moon's  way  with  the 
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northern  axis  of  the  ecliptic ;  which  is  to  the  right 
hand,  if  the  moon  has  north  latitude  ascending^  or 
south  latitude  descending  ;  otherwise  to  the  left. 

549.  III.  In  case  the  axis  of  the  moon's  way,  and 
the  earth's  axis,  are  both  on  the  same  side  of  the  axis 
of  the  ecliptic,  the  complement  of  their  difference; 
but  when  on  contrary  sides,  the  complement  of  their 
mm  to  90^  is  an  angle,  which  call  E. 

550.  IV.  The  time  that  the  moon's  centre  is  at  E 
is  before  the  true  conjunction,  if  the  earth's  axis  is  to 
the  right  hand  of  the  northern  axis  of  the  eclqpdc, 
and  the  moon's  latitude  at  the  conjunction  worM, 
otherwise  after  ;  but  if  the  moon's  latitude  at  con- 
junction is  souths  the  contrary. 

551.  V.  When  the  northern  axis  of  the  moon's 
way  is  to  the  right  hand  of  the  earth's  ?wrthern  axis, 
the  motion  in  the  direction  of  the  earth's  axis  is  from 
north  to  south  for  any  time  before  E,  but  from  south 
to  north  for  any  time  after  E  j  otherwise,  the  con- 
trary. 

5 J  2.  VI.  In  order  to  reduce  the  latitude  of  the 
place,  and  the  horizontal  parallax  of  the  moon,  to  the 
spheroidal  figure  of  the  earth,  subtract  the  logarithm 
of  the  less  from  that  of  the  greater  axis  of  the  earth 
(or   of    any   numbers   expressing   their   ratio\  the 
remainder  added  to   the  co-tan^cnt  of  the  latitude 
in  the  sphere^  gives  the  tangent  of  an  arc  ;  to  which 
add  again  the  remainder,  the  sum  is  the  cc'- tangent 
of  the   latitude  in   the  spheroid ;  or,  to  twice  the 
remainder  add  the  co-tan^-cnt  of  the  latitude  in  the 
sphere^  the  sum  is  the  co-tangent  of  the  latitude  in 
the  spheroid. 

553.  From  the  sine  of  the  said  arc  subtract-  the 
co^sine  of  the  latitude  in  the  spheroid^  and  to  the 
remainder  add  the  logarithm  of  the  seconds  contained 
in  the  moon's  horizontal  parallax  in  the  sphere  ( being 
the  equatorcal  horizontal  parallax},  the  sum  will  U 
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the  logarithm  of  the  moon's  horizontal  parallax  in 
the  spheroid  in  seconds,  or  radius  of  the  disc. 

55i.  Take  out  from  the  tables  the  following  six- 
teen logarithms,  and  place  them  one  under  another^ 
as  below : 

Call  the  co-sine  complement  arithmetical  of  the 

angle  of  the  moon's  way  •...••  e 
The  logarithm  of  the  moon's  sidereal  horary 

motion f 

Add  6*44370  to  e,  the  sum  call  .....  ^ 
The  co-sine  of  the  angle  of  the  moon's  way  .  h 
The  logarithm  of  the  seconds  in  the. moon's 

latitude,  at  the  conjunction  •  .  •  •  •  i 
The  arithmet.  comp.  sine  of  the  angle  E  .  .  k 
To  the  sine  of  the  angle  of  the  earth  s  axis  add 

3*55630,  call  the  sum  *.«....  I 
The  arith.  comp.  of  the  sum  of  e  and  /i  call    .    7m 

The  sine  of  the  angle  £ 71 

The  sum  of  ^  and /' 6 

The  co-sine  of  the  angle  £  •••<•;  j> 
The  sine  of  the  star's  declination  .  i  .  •  ^ 
The  co-sine  of  the  latitude  of  the  place  in  the 

spheroid ;     .     .     •      7^ 

The  logarithm  of  the  seconds  in  the  radius  of 

the  disc •    •     •      s 

The  sine  of  the  latitude       *.*.♦..      £ 

The  co-sine  of  the  declination u 

Collect  the  following  sums ;  the  sum  of  /,  k^  I,  ;;;,  is 
the  logarithm  of  a  number  of  seconds  of  time  before 
or  after  the  conjunction  that  the  moon's  centre  is  at 
E,  by  Rule  IV.  from  which  you  have  the  apparent 
time  E. 

ITie  sum  of  .9,  /,  i/,  is  a  constant  logarithm  F,  the 
•econds  answering  thereto  G  ;  the  sum  of  h,  /,  k^  is 
a  constant  logarithm  H,  the  seconds  corresponding 
thereto  I.  '^-         ^ 

The  sum  of  «  and  0  is  a  constant  logarithm    .    A 
The  sum  of  0  and  j&     .4 JB 
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The  sum  of  r  and  s C 

The  sum  of  q^  r,  and  s D 

Now^  to  find  the  apparent  distance  of  the  centres  of 
the  moon  and  star^  reduced  to  the  plane  of  projection, 
at  any  interval  of  time  from  E,  proceed  thus  : 

555.  VII.  To  the  constant  logarithms  A  and  B  add 
the  logarithm  of  the  assumed  interval  of  time  in 
seconds,  the  number  of  seconds  answering  to  the  sums 
call  a  and  by  and  to  the  constant  logarithm  C  add 
the  sine,  and  to  D  the  co-smc,  of  the  hour  from  the 
star's  culminating,  the  number  of  seconds  answering 
to  the  sums  call  c  and  d ;  then,  if  the  time  is  before 
£,  and  the  hour  bejpre  the  star's  culminating,  or  tbe 
time  after  E,  and  I3ie  hour  after  culminating,  tbe 
difference  of  a  and  c,  otherwise  their  suni^  is  a  num* 
ber  of  seconds,  which  call  K. 

556.  VIII.  Take  the  sum  of  G  and  d^  when  the 
star's  declination  and  the  latitude  of  the  place  are  of 
the  same  denominations ;  but  if  of  different  deno- 
minations, the  dijference ;  which  sum  or  differtnct 
call  L. 

557.  IX.  Take  the  |  jiff^^r^ce}  ^f  I  and  A  as  the 
motion  in  the  direction  of  the  earth's  axis  is  from 
K  south  to  north  7  ,  n  ,  tt  j  i_  •  ,  . 
{north  to  south i'  ^^  ^"'^^-  ^'^  ^^  moon's  lao- 

tude  at  the  conjunction  north ;  but  if  souths  the  con- 
trary ;  which  sum  or  difference  call  M  :  then  take  the 
difference  of  I.  and  M,  except  when  the  difference  of 
G  and  d  is  to  be  taken  for  L*,  and  d  is  greater  than 
g  ;  in  which  case  take  the  sum  of  L  and  M,  unless 
it  should  happen  at  the  same  time  that  b  is  greater 
than  I J  and  the  dijference  of  them  is  to  be  taken  for 

*  Which  is,  when  the  assumed  time  is  nearer  twelve  hovrefmn 
culminating  than  it  ii  to  the  time  of  culminating  :  for  then,  toC 
and  D,  in  Rule  VII.  the  sine  and  co-sine  of  the  hour  from  the  star^ 
being  on  the  meridian  tfflcw  the  horizon^  is  added  to  obtain  'f  and 
di  and  then,  in  Rule  VIII.  the  difftrenct  of  G  and  d  is  ukc^ 
instead  of  the  sum. 
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M,  then  the  difference  of  L  and  M  must  still  be 
assumed ;  this  sum  or  difference  will  be  one  leg,  and 
K  the  other,  of  a  right-angled  triangle,  by  which  may 
be  found  the  hypothenuse,  which  is  the  apparent 
distan.  y  of  the  centres  at  the  time  required. 

N.B  For  the  distance  of  the  centres  at  the  time 
£,  c  16  equal  to  K,  and  I  is  equal  to  M. 

558.  In  case  equal  intervals  of  time  are  taken  from 
the  time  £,  a  and  b  will  be  doubled,  tripled,  &c.  and, 
therefore,  need  only  be  computed  once  for  any  num- 
ber of  instants :  and  the  time  between  the  instants 
converted  into  degrees,  being  added  to,  or  subtracted 
from,  the  time  in  degrees  of  the  fir^t  instant,  reckoned 
from  culminating,  or  twelve  hours  from  it,  as  the 
times  recede  from,  or  approach  to,  the  one  or  the 
other,  will  produce  the  hour  angles  at  their  respec- 
tive instants. 

55^.  When  the  apparent  distance  of  the  centres  of 
the  moon  and  star,  ai)proach'ni<j:  to,  or  recedini^  from, 
each  other,  is  equal  to  the  semidiameter  of  the  moon, 
the  beginning  or  immcnslorij  and  end  or  ennirsion,  of 
the  occultation  takes  place.  ...  In  any  of  these  opera- 
tions, when  the  indices  of  the  logarithms  exceed  ten, 
&c.  reject  the  tens. 

560.  The  chief  advantage  of  this  method  is,  that 
after  the  apparent  distance  of  the  centres  is  obtained 
for  any  instant  of  time,  as  many  more  as  is  thought 
proper  may  be  derived  from  it,  with  the  greatest 
facility,  by  four  analogies  only  ;  whereas,  in  the  com- 
mon way,  by  parallaxes,  three  times  the  labour,  at 
least,  is  requisite  to  arrive  at  the  same  accuracy*. 

♦  This  method  is  capable  (with  slight  alterations)  of  being 
applied  with  great  beAefit  to  the  computation  of  solar  eclipses,  as 
may  be  seen  in  Dr.  Hufton^s  Miscellanea  Mathematical  where  the 
rules  were  first  given  by  Mr.  J.  Keech^  and  accompanied  by 
examples,  the  results  of  which  agreed  exceedingly  nearly  wiiU 
the  actual  observations  of  Professor  tlornshy  and  Mr.  Riivei. 


(     374     ) 


[CHAPTER    XX. 


On  the  Tramiis  of  Mercury  mid  Venus  ctccr  th 

SuH*s  Dhc^ 


Art.  561.  IF  the  orbits  of  the  inferiour  planetiii 
rmn  ciiry  and  vetfus^  were  in  the  same  plane  witb  the  i 
orbit  of  the  earth,  it  is  obvious  that  every  time  cithcf 
of  these  planets  was  in  conjunction  with  the  sun,  i 
won  Id  seem  in  actual  contact  with  the  body  of  th^ 
lu  .  inary ;  or,  since  the  unillumined  or  darkened  side 
of  th^^  planet  would  be  then  towards  the  earth,  it 
would  appear  like  a  small  dark  spot  upon  the  sun^s 
disc.  But  since  the  orbit  of  mercury  makes  an  angle 
of  7*^,  and  that  of  venus  an  angle  of  3®  23  i/,  with  the 
orbit  of  the  earth  (Art.  356.),  neither  of  these  planets 
can  pass  over,  or  tranxit^  the  sun's  disc,  unless  at  the 
time  of  conjunction  the  planet  be  so  near  its  node, 
that  its  geocentric  latitude  is  less  than  the  apparent 
semidiameter  of  the  sun.  Now  if  we  know  the  rime 
in  which  a  transit  happened  at  cither  node,  we  may 
determine  when  there  will  be  another  transit  at  the 
same  node,  by  considering  that,  before  another  tansit 
can  so  happen,  the  earth  must  perfo:m  a  certain 
number  of  co^nplete  revolutions  through  its  orbit,  in 
very  nearly  the  same  period  that  the  planet  performs 
a  greater  certain  number  of  complete  revolutions, 
which  will  bring  both  the  earth  and  inferiour  planet 
in  the  same  situation  relatively  to  the  sun.  Tbi; 
respective  numbers  of  the  revolutions  of  the  earth  ad 
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planet  will  manifestly  be  in  the  inverse  ratio  of  the 
times  of  revolution ;  and  as  the  periodic  times  of  the 
earth,  mercury,  and  venus,  are  365*256,  87*968,  and 
224*7,  respectively,  we  must  find  whole  numbers  in 
the  ratios  of  87*968  :  365*256,  and  2247  :  365*256. 
Here  7  :  29,  13  ;  54,  ^3  •  ^37^  and  46  :  191,  re 
ratios  which  approximate  more  and  more  nearly  to 
that  of  87*968  :  365*256  ;  therefore,  in  seven  years, 
mercury  will  have  nearly  performed  twenty-nine 
revolutions  in  thirteen  years,  fifty-four  revolutions, 
and  so  on,  approaching  nearer  the  truth  as  the  num- 
bers expressing  the  ratio  increase.  Hence,  if  to  the 
time  of  a  transit  of  mercury,  which  happened  at  either 
its  ascending  or  descending  node,  thirteen  years, 
thirty-three,  or  forty  six,  be  continually  added,  the 
times  when  other  transits,  at  the  ascending  or  de- 
scending node,  may  be  expected,  will  be  nearly 
known ;  and  if  for  each  of  these  times  the  shortest 
geocentric  distance  of  mercury  from  the  sun's  centre 
at  the  time  of  conjunction  be  computed,  we  may  be 
assured  there  will  be  a  transit,  if  that  distance  is  less 
than  the  sun's  apparent  diameter.  Now,  on  May  7, 
1799,  there  was  a  transit  of  mercury  at  its  descending 
node,  and  by  adding  thirteen,  thirty-three,  &c.  it 
appears  that  others  may  be  expected  at  the  descend- 
ing node  in  May,  1832,  1845,  J  871,  and  1891. 
Also,  on  November  5,  1789,  there  was  a  transit  of 
mercury  at  the  ascending  node,  whence  others  may 
be  expected  at  that  node  in  1802,  1815,  1822,  1835, 
1848,  1861,  i868,  an4  1894.  Again,  with  relation 
tp  vemjs,  the  ratios  are  8:13,  235  :  382,  243  :  395, 
713 :  H59,  approximating  more  and  more  nearly  to 
equality  with  the  ratio  of  224*7  :  365*256 ;  conse- 
quently,  the  periods  are  8,  235,  243,  and  713  years, 
9t  the  ends  of  which  transits  may  be  expected  to  hap- 
pen* Koy^  these  transits  oj  venus  are  of  considerably 
advantage  in  astronomy,  on  which  account  the  tiincs 
of  their  taking  place  have  been  carefully  computed ^ 
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particularly  by  Dr.  Halley*^  who,  after  exhibiting  the 
principles  on  which  these  calculations  depend,  pro- 
ceeds as  follows : 

56'2.  *'  After  eight  years  venus  returns  to  the  sun, 
taking  away  2**  10^  5^1°^  from  the  moment  of  die 
foregoing  transit,  and  the  planet  proceeds  in  a  path 
which  is  24'  /^i^^  more  to  the  south  than  the  former. 

56 J.  "  After  235  years,  adding  2^  10^  9™,  venus 
may  again  enter  the  sun,  but  in  a  more  northern  path 
by  II'  33'''';  but,  if  the  foregoing  year  is  bissextile, 
3d  10   9™  must  be  added. 

564.  ^'  After  243  years  venus  may  also  pass  the 
sun,  only  taking  away  o*^  4  ^"*  from  the  time  of  the 
former,  but  proceeds  more  southerly  by  13'  8^ ;  but, 
if  the  foregoing  year  be  bissextile,  add  23^  17". 

5(5.  .  "  And  in  all  these  appulscs  of  venus  to  the 
s\m  in  the  month  of  November,  the  angle  of  her  path 
with  the  ecliptic  is  9^  5',  and  her  horary  moticm 
within  the  sun  is  4'  Y^ ;  and,  since  the  semidiarafter 
of  the  sun  is  \G'  21" y  the  greatest  duration  of  the 
transit  of  the  centre  of  venus  comes  out  7**  56^". 

566.  "  Then  let  the  sun  and  venus  be  in  conjunc- 
tion at  the  descending  node  in  the  month  of  Kliy, 
and  by  the  same  numbers  the  same  intervals  may  be 
computed.  After  eight  years,  let  there  be  taken 
away  2'^  &"  ^^.r.^  and  venus  will  make  her  transit  in  a 
more  northern  path  by  19'  58^ 

;>t)7.  "  After  235  years,  add  2"*  8^  18"  ;  or,  if  the 
foregoing  year  be  bissextile,  3"*  8  18*",  and  you  will 
haVe  venus  more  to  the  south  by  9'  21''''. 

50s.  *  Lastly,  after  243  years,  add  o"*  i*'  23"",  or, 
if  the  foregoing  year  be  bissextile,  1*1^  23*^,  and  venus 
will  be  to«nd  in  conjunction  with  the  sun,  but  in  a 
more  northerly  path  by  10'  ^y^^. 

56*".  "In  every  transit  within  the  sun  at  this  node, 
the  angle  of  venus's  path  with  the  ecliptic  is  8^  28*, 

*  See  Phihsophkal  Transact  ions,  No,  193,  or  AbridgcmtMt  of 
dilLo^  voL  1.  p.  427. 
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imd  her  horary  motion  is  4'  o^ ;  and  the  semidia- 
meter -of  the  sun  subtending  15'  51'',  the  greaie^t 
duration  of  the  ccniial  tran^iit  comes  out  also  7^  56"', 
exactly  the  same  as  the  oiher  node. 

5  '  .  **  As  to  the  epochs,  from  that  only  ingress 
which  .  err  .  observed,  the  sun  being  then  just 
ready  to  set,  it  is  concluded  that  venus  was  in  con- 
junction with  the  s-un  :;t  London  in  the  year  1639, 
Nov.  24  6^  37'",  and  that  she  declined  towiirds  the 
south  8'  '^o".  Eui  in  the  month  of  Mav,  no  mortal 
has  seen  her,  Ui>ye!,  v/itkin  the  sun.  But  from  my 
numbers,  which  i  j^^dge  to  be  not  very  different  fr*  la 
the  heavens,  it  appears  that  vcnus  for  the  next  time 
will  enter  the  sun  in  1761  *,  May  25  17^  55%  that 
being  the  middle  of  the  eclipse,  and  then  will  be 
distant  from  his  centre  4'  i^^^  towards  the  south. 
Hence,  and  from  the  foregoing  revolutions,  all  tlic 
phenomena  of  this  kind  will  be  easily  exhibited  for 
a  whole  millennium,  as  I  have  computed  them  in  the 
following  table. 


T 

ABLE. 

In  November. 

1 

h 

[1  May. 

Yean. 

Times  of  Con- 
junction. 

Distance  t'luni 
Sun's  Centre 

Veaw 

iime  «l 
junctik 

Con-      Di«t;»ii«  I-  in. in 
n.           Sun's  Ciiitre. 

1 

918 

ao<i  2I»»  53»n    6'  12" 

N. 

IO4S 

24<1 

J3h 

45'" 

3'  50"    N. 

if6i 

20      21       10 

6   55 

S. 

12H3 

23 

8 

H 

5   31      S. 

1396 

23         7      20 

4  3« 

N. 

1291 

H 

'5 

9 

14  27     N. 

1631 

26       1 7     29 

16   ir 

N 

1518 

25 

16 

3a 

14  52     s. 

'^.3y 

24      6    37 

8   30 

S. 

1526 

23 

9 

37 

.5     6     N. 

1874 

26      16     46 

3     3 

N. 

t}6i 

25 

n 

55 

4    15      ^. 

2109 

29          2      57 

14   36 

N. 

1769 

23 

II 

0 

1.5   43     N. 

2117 

26       16        3 

10     s 

S. 

1996 

28 

2 

K3 

13  J<^     s. 

2004;25 

'9 

18 

6   22     N. 

♦  The  dates  which  Dr.  Haliey  here  gives,  are  conformal^le  to 
the  M  fftyle^  Ihcy  therelore  require  an  addition  of  eleven  days  for 
the  last  century,  twelve  days  for  the  present,  thirteen  for  the  next, 
and  80  on,  in  order  to  reduce  them  to  the  current  dates ;  eo  that 
these  transits,  instead  of  failing  in  May  and  November,  will  hap. 
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571.  ^^  As  for  the  durations  of  these  eclipses  of 
venus,  they  may  be  computed  after  the  same  man- 
ner  as  those  of  mercury  in  respect  of  the  centre  *. 
But  since  venus's  diameter  is  pretty  large,  and  since 
the  parallaxes  also  may  bring  a  very  notable  differ- 
ence as  to  time,  a  particular  calculation  must  neces* 
sarily  be  mjide  for  every  place. 

57 Q*  •"  Now  the  diameter  of  venus  is  so  great) 
that  while  she  adheres  to  the  sun's  limb,  almost  t\venty 
minutes  of  time  will  be  elapsed,  that  is,  when  she 
applies  directly  to  the  sun.  But  when  she  is  incident 
obliquely,  she  continues  longer  in  the  linib.  Now 
that  diameter,  according  to  Horrox's  observatioii, 
takes  up  i'  iS^'',  when  she  is  in  icpnjunction  with  the 
sun  at  the  ascending  node^  an4  i^  12^^^  at  the  other 
jiode; 

573.  •"  Now  thp  cJii^f  use  of  theje  conjunctknu^ 
isj  accurately  to  (l^tennmc  the  suns  distance  from  tht 
^rth^  or  his  parallaXy  which  astronomers  have  in 
vain  attempted  to  find  by  various  other  methods  ;  for 
the  minuteness  of  the  angles  required,  easily  eludes 
the  nicest  instruments.  But  in  observing  the  ingress 
of  venus  into  the  sun,  and  her  egress  from  the  same, 
the  space  of  time  between  the  moments  of  the  intCT" 
nal  contacts  \y  observed  to  a  second  of  time,  that 

pen  in  June  and  December ;  that  in  1761,  for  instance,  hapi^ening 
on  the  6th  of  fune. 

♦  Thius  if  CODI  (tig.  3,  PI.  VII.)  rcprcsont  the  disc  of  the 
sun,  N  fit  n  the  orbit  of  venus,  then  the  duration  of  the  transit  uijfo 
venus  enters  the  disc  at  7n,  and  quits  it  at  w,  will  be  to  the  duntioa 
of  the  central  transit  (iVrt.  ^6^.  569.)  aswji  to  the  diameter.   And 

Ta  being  known,  we  shall  have,  OPxPI :  OP*  :  :  OP-|-PflX 

01* — Pa  :  an*;  whence  na  becomes  known,  and  consequently  nm» 
t  What  Dr.  Hal/ey  means  by  the  internal  contacts,  will  appear 
from  the  following  passage  extracted  from  Dr.  Majkefyn€*s  insinic* 
tions  relative  to  the  observation  of  the  transit  of  venuti  cm  June 
3,  1769 :  '*  Venus  will  begin  to  enter  the  sun's  disc  to  the  north* 
cast  part  of  the  same,  reckoning  the  point  of  the  sun's  circunoiier* 
ence  or  limb  nearest  the  north  pole  of  the  world,  to  the  oortb  point. 
Her  diameter  will  subtend  near  a  minute  ;  therefore,  as  that  of  ibc 
!&mi  is  about  j  x  i  minutes,  faer  diameter  will  be  about  ^  of  thk 
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as,  ^V  ^f  ^  second,  or  j/'^  of  an  arch,  may  be  ob- 
tained by  the  assistance  of  a  moder.ite  telescope,  and 
fi  pendulum  clock,  that  is  consistent  with  itself  ex- 
actly, for  the  space  of  six  or  eight  hours.  Now, 
from  two  such  observations  rightly  made  in  proper 
places,  the  distance  of  the  sun  within  a  500^'  p:irt 
may  be  certainly  concluded  *'  These  remarks  of 
Dr.  /L  lit::,  are,  in  the  main,  consistent  with  truth, 
his  deductions  deviating  from  accuracy  no  farther  than 
Ills  tables  stood  in  need  of  correction ;  and,  with 
respect  to  the  chief  purpose  to  which  he  recommends 
these  transits  to  be  applied,  it  has  since  been  done 
with  very  singular  success,  in  the  transits  which  took 

of  r he  sun.     She  will  move  a  space  of  about  four  minute*;,  or 
four  times  her  own  diameter,  in  an  hour,  along  a  line  or  chord, 
which  at  itb  nrarest  approach  is  ten  minutes  distance  from  the  sun's 
centre.     Thus  <:he  a  ill  take  about  six  hours  and  twenty  nunuces 
(exclusive  of  the  effect  '»f  parallax)  to  move  over  the  sun's  disc, 
from   her  first  making  a  small  impression  in  the  limb  on  the  N£. 
poir»t,    o  hpr  fn'.ng   out   of  the  sun's  disc  on  the  NW.  point, 
and  leaving  rti^:   sun's  limb  there  cnt:re   again.     The  tirst  lenst 
▼isiblc  imprc^sion  made  by  venu^'t.  inner  limb   upon   the   sun's 
limb,  is  commonly  called  the  sun's  ^' J/ fAf.'fr/?T/rc«//2f/;  thong!^, 
properly  speakir'g,  the  true  exter  lal  contact  of  venus,  atid  the 
spa's  limb,  happens  a   fe**'  seconds  of  time  sooner,  before  tiic 
least  particle  of  venns  has  entered  upon  the  sun.  •  .  .  After  this, 
▼enus  gradually  makes  a  deeper  and  deeper  impression,  or  norch, 
in  the  ^un's  hmb  -,  and  in  about  nine,  minutes  half  her  opaque 
bcniy  wil)  be  seen  upon  the  sun%  body,  eclipsing  an  equal  |)arL  of 
the  same,  the  other  lialf  »)f  her  bod>  being  wi.hout  the  sun's  di>c, 
and  thcfcfore  invisible :  in    n^ne   minutes  more,  the  whole  body 
of  venus  will  be  introduced  within  the  sun's  disc^  and  her  outer 
limb  will  touch  the  sun*s  limb  internallr,  or  form  what  is  called 
tl^  ^rst  internal  contact.  .  .  .  S  )e  will  now  recede  from  the  sun's 
limb,  by  approaching  nearer  to  his  centre,  and  in  about  2^  52>u 
more,  will  be  found  at  the  nearest  distance  of  ten  minures  from 
the  centre;  she  will   then  recede  from  the  centre  again,  and  in 
a**  5a™  more,  her  outer  limb  will  touch  the  sun's  limb  internally 
on  the  north-west  part  of  the  sun*s  circumference,  and  form  the  ' 
second  internal  contact:  she  will  now  be  leaving  the   sun,   and   in 
xiine  minutes   her  centre  will  appear  upon  the  sun's  limb,  and 
about  nine  minutes  after  that,  her  inner  limb  will  touch  hi^  limb 
externally,  or  make  the  aconi  external  contact  \  and  the  impression 
made  by  her  body  in  the  sun's  limb  being  gradually  imperceptible, 
she  will  go  entirely  out  of  the  sun."    See  Tkt  Nautical  Almanac^ 
a  fori  769* 
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place  in  1761  and  17^9,  by  means  of  which,  the 
sun's  parallax  and  distance  have  been  ascertained 
with  as  much  precision  as^  the  nature  of  the  enquiry 
will  permit  us  reasonably  to  look  for. 

574.  A  general  idea  of  this  method  of  determining 
the  parallax  of  venus,  and  thence  that  of  the  sun, 
may   be  obtained  by  referring  to   fig.  11,  Pl.\TIl. 
where  DBA  represents   the   earth,  V  venus,  and 
T  S  R  the  eastern  limb  of  the  sun.     To  an  observer 
at  B,  the  point  t  of  that  limb  will  be  on  the  meridian, 
its  place  referred  to  the  heaven,  will  be  at  £ ;  and 
venus  will  appear  just  within  it  at  S.     But,  at  the 
same  instant,  to  an  observer  at  A,  venus  is  east  of 
the  sun,  in  the  right  line  A  V  F,  the  point  /  of  the 
sun's  limb  appears  at  t  in  the  heavens,  and  if  venus 
were  then  visible,  she  would  appear  at  F.'    The  angle 
C  V  A  is  the  horizontal  parallax  of  venus,  and  is 
manifestly  equal  to  the  angle  F  V  E,  whose  measuie 
is  the  arc  F  E.     A  S  C  is  the  sun's  horizontal  paral- 
lax, equal  to  the  opposite  angle  c  S  E,  whose  mea- 
sure is  the  arc  e  E  :  and  F  A  E  zi  V  A  r  is  venus's 
horizontal  parallax  from   the   sun,  which    may  be 
found  by  observing  how  much  later  in  absolute  time 
(allowing  for  the  difference   of  the  meridians  of  A 
and  B)  her  total  ingress  on  the  sun  is  as  seen  from 
A,  than  as  seen  from  B,  which  is  the  time  she  takes 
to   move  from  V  to  v  in  her  orbit.     Now  V  A  r  = 
^V  V  C  —  A  S  C,  the    difference  of  the  horizontal 
parallaxes  of  venus  and  the  sun  ;  and  from  the  nature 
of  parallax  (Art^a.)  AVC:ASC::SC:VC, 
consequently   V  A  v  varies   as  S  C  —  V  C  or  S  V ; 
but,  from  the   respective  theories  of  venus  and  the 
earth,  the  proportions  of  S  V,  S  C,  or  of  S  V,  VC, 
may  be  known  at  the  time  of  the  transit ;  therefore 
wchaveSV  :  SC:  :  V  Ar  :  A VC,and  SV  :  VC  : : 
V  A  V  :  A  S  C,  whence  the  horizontal  parallaxes  of 
venus  and  the  sun  become  known. 

575.  Or,  it  is  possible  to  effect  the  same  thing  by 
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11  single  observer,  as  may  be  shewn  in  the  following 
manner  :  Let  B  M  A  (fig.  5,  PI.  Vlli.)  be  the  earth, 
V  venus,  and  S  the  sun.     The  earth's  motion  on  its 
3xh  from  west  to  east,  or  in  the  direction  A  M  B,  car- 
ries an  observer  on  that  side  contrary  to  the  motion 
of  venus  in  her  orbit,  which  is  in  the  direction  U  V  W, 
and  will,   therefore,    cause   her   motion   to   appear 
quicker  on  the  sun's  disc,  than  it  would  appear  to  an 
observer  placed  at  the  earth's  centre  C,  or  at  either  of 
kiis  poles  J  for,  if  venus  were  to  stand  still  in  her  orbit 
Btt  V  for  twelve  hours,  and  the  earth  had  no  motion 
H)ut  that  of  rotation,  the  observer  on  the  earth's  sur- 
BBice  would,  in  that  lime,  be  carried  from  A  to  B, 
Bhrough  the  arc  A  IVI B.     When  he  was  at  A,  he 
Mrould  see  venus  on  the  sun  at  R  ;  when  at  M,  he 
Kjiould  see  her  at  S  ;    and  when  he  was  at  B,  she 
^feyild  appear  at  T ;  so  that  his  own  motion  would 
^Hptite  the  planet  to  appear  in  motion  on  the  sun, 
Blroggh  the  line  R.  S  T,  which  being  in  the  direction 
P^  her  apparent  motion  on  the  sun,  as  she  moves  in 
Kbcr  orbit  U  W,  and  the  earth  in  its  orbit,  that  appa- 
Ixent  motion  will  be  accelerated  on  the  sun  to  this 
Kt^erver,  just  as  much  as  his  own  moiion  would  shift 
Kiier  apparent  place  on  the  sun,  if  neither  she  nor  the 
ftdarth  moved  in  their  respective  orbit.  But  as  the  whole 
Kdaraiion  of  the  transit,  from  the  first  to  the  last  in- 
liemal  contact,  seldom  exceeds  six  hours,  an  observer, 
Etirho  has  the  sun  on  his  meridian  at  the  middle  of 
Kibe  transit,  will  be  carried  only  from  « to  A  during  the 
Bwhole  time  thereof ;  and,  therefore,  the  duration  will 
■be  much  less  contracted  by  his  own  motion,  than  if  the 

■  planet  were  to  be  twelve  hours  in  passing  over  the  sun, 

■  BS  seen  from  the  earth's  centre.  Now  it  is  manifest, 
B.chat  the  nearer  venus  is  to  the  earth,  the  greater  is  ber 
■^parallax,  and  the  more  will  the  true  duration  of  her 

■  transit  be  contracted ;  the  farther  she  is  from  the 
I  earth,  the  contrary ;  so  that  the  contraction  will  be 
I  ia  direct  proportion  to  the  parallax.    Therefore,  by 
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observing,  at  proper  places,  how  much  the  duf&tioii 
of  the  transit  is  less  than  its  true  duration  at  the 
earth's  centre,  as  given  by  the  Astronomical  lables, 
the  parallax  of  vcuus  may  be  ascertained,  and  thenca 
that  of  the  sun. 

5;().  Dr.  Alashcltjnc^  the  astronomer  royal,  whose 
labours  have,  for  a  series  of  years,  been  so  successfully 
directed  for  the  promotion  of  science,  and  the  honour 
of  his  countr}',  has  paid  a  peculiar  regard  to  the  doc* 
trine  of  transits  :  he  has  given  a  method  of  computing 
the  eBfect  of  parallax  in  accelerating  or  retarding  the 
time  of  the  beginning  or  end  of  a  transit  of  venus  over 
the  sun's  disc,  which,  as  we  think  it  preferable  to  any 
other  method  that  has  yet  been  given,  is  here  inserted. 
The  diagram  (fig.  6,  PI.  VIII.)  refers  particularly  to 
the  transit  of  venus,  which  took  place  in  May,  1760; 
but  the  method  is  equally  appUcable  to  any  other 
transit  of  venus,  or  mercury.  C  represents  the  centre 
of  the  sun's  disc  L  C^  P  the  celestial  north  pole  of  the 
equator,  S  the  south  pole,  P  C  S  a  meridian  passing 
through  the  sun,  Z  the  zenith  of  the  place,  A  D  B  IJ 
tl:e  relative  orbit  of  venus,  is  being  the  relative  place 
of  the  desceuding  node,  A  the  geocentric  place  of 
venus  at  the  ingress,  li  at  the  egress,  and  D  at  the 
nearest  approach  to  the  sun's  centre,  as  seen  from  the 
earth's  centre,  and  a  the  apparent  place  of  venus  at  the 
egress  to  an  observer  whose  zenith  is  Z  :  draw  o^Z, 
and  t(  is  the  tntt  place  of  venus  when  the  apparent 

f)lacc  is  at  v.,  and  //  0  is  the  parallax  in  altitude  of  venui 
irom  the  sun  ;  the  time  of  contact  will  manifestly  be 
diminished  by  the  time  which  venus  takes  to  describe 
ii  B  :  draw  ;/  (J  h  o  n  E  parallel  to  A  B,  meeting  ZB 
produced  in  E,  and  B  //,  A;/,  tangents  to  the  circle, 
and  let  C/^  D  be  perpendicular  to  A  B.  Now,  the 
trapezium  u  o  V.  B,  on  account  of  the  minuteness  of 
its  sides,  may  be  considered  as  rectilinear,  and  as  ZB 
is  of  immense  magnitude  in  comparison  with  B  //,  B  E 
may  be  considered  as  parallel  to  uo;  consequently, 
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tr  0  E  B  may  be  looked  upon  as  a  parallelogram,  and 
'Eo  zs  equal  to   u  B.      But  E  o  n  E  w  +  7^  r;,   the 

upper  or  lower  sign  obtaining,  according  as  E  falls 
%nthout  or  within  the  circle  representing  the  sun's 
disc }  and,  by  trigonometry,  E ;/ :  E  B  : :  sine  E  B  y^ 
=  co-sine  C  B  Z  :  sine  B  y/  E  z:  sine  B  C  D  n;  co-sinc 

C  B D ;  hence,  Enzz  — ^  cb'd ^  ^^^^'  ^^  ^^^ 

nature  of  the  circle  nozz.  —  =:  ^  very  nearly ;  but 
Bni  BE: :  sine  BEn  =:  sine  ZBD  :  sine  B;?E  = 

^.r.^        <        r  -nt  BE'X  sine  Z  B  J)« 

co-sme  C B D i  therefore,  B //  =  co-sine  c bD~, 
and  no  s=s  ---5-- : — rnrru-    ^^^  '^  =  horizontal 

A  B X  co-sme CUD*       ^ 

parallax  of  venus  from  the  sun,  and  (Art.  83.)  B  E 
=  A  X  sine  Z  c^  =  A  X  sine  Z  B ;  hence  w  B  iz  0  E 

E.,  4-  «  ^        ^  X  s>nc  Z  B  X  co-sinc  C  B  Z  -f   /.i  v^   • 
n  J^no 3= : — mir^ f^  X sine 

Z*j,  ^.  sine  ZBD'  7    v^    •        ^r  ti  v> 

B    X  Ba  xcu-sineC BD-  =  '^  X  ^^^^  ^  B  X  CO-sine 

j-nrr  v^  oT»T^    .  A'XsineZB'XsineZBD'xsec.CBD' 

CBZ  X  sec.CBD  ^ ^^-g * . 

Put  /  =  the  time  which  venus  takes  by  her  geocen- 
tric relative  motion,  to  describe  the  space  // ;  to  find 
which,  let  711  be  the  relative  horary  motion  of  venus ; 

then  m:h  ::  I  hour  =  7600^'' :  t  == — -- ;  hence, 

to  find  the  time  of  describing  u  B,  we  have  //  :  to  the 
last  value  of  u B  above  expressed  '^:  t :  t  X  sine 

Z  B   X  co-sine   C  B  Z  X    sec.   C  B  D  + 

^xAxsIneZB^XsineZBD^Xsec.CBD'     ^^^    ^|^^    ^^ 

AB  ' 

describing  u  B,  or  the  effect  of  parallax  in  accelerating 
or  retarding  the  time  of  contact ;  the  upper  sign  is 
to  be  used  when  C  B  Z  is  acute,  and  the  lower  when 
it  is  obtuse.  If  C  B  Z  be  very  near  a  right  angle,  but 
Qbtuse^  it  may  happen  that  n  £  may  be  less  than  h  Oy 
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in  which  case  77  E  is  to  be  taken  from  w  0^  accor^g 
to  the  rule.     The  principal  part  /.  E  of  the  effea  of 
parallax  will  increase  or  diminish  the  planet's  distance 
from  the  sun*s  centre,  according  as  the  angle  Z  B  C 
is  acute  or  obtuse  ;  but  the  small  part  n  c  of  parallax 
will   always  increase  the  planet's  distance  from  the 
centre  ;  take,  therefore,  the  sum  or  diflFerence  of  the 
effects,  with  the  sign  of  the  greater,  as  to  increasing 
or  decreasing  the  planet's  distance  from  the  centre  of 
the  sun.     Or  the  rule  may  be  otherwise  stated  thus: 
take  the  sum  or  difference  of  //  E  and  ;/  ^;,  according 
as  Z  B  C  is  acute  or  obtuse,  and  the  distance  of  the 
planet  from  the  sun's  centre  will  always  be  increased 
in  the  first  case,  and  diminished  in  the  second,  except 
when  Z  B  C  is  obtuse  and  near  90^,  for  then  n  E  may 
be  less  than  ii  0,  and  the  distance  from  the  sun's  centre 
will   be  increased  by  the  difference.     If  Z  B  C  be 
acute,  the  part  n  E  will  retard  the  ingress,  and  accele- 
rate the  egress ;  but  if  Z  B  C  be  obtuse,  the  part  ;iE 
will  accelerate  the  ingress,  and  retard  the   regress, 
Jn  like  mr.nner,  the  parallax  affects  the  time  of  the 
planet's  coming  to  any  given  distance  from  the  sun's 
centre,  before  or  after  the  middle  of  the  transit.    ITic 
second  part  of  the  correction  did  not  exceed  9*  or  10^ 
of  time  in  the  transits  of  vcnus,  in  1761   and  1769, 
where  the  nearest  approacli  to  the  sun's  centre  was 
about  10'.     In  the  transits  of  mercury,  the  first  pars 
of  the  correction  will  generally  be  sufficient. 

577-  The  transit  of  1769  was  observed  at  fTard* 
hnifs^  a  seaport  of  Danish  Lapland,  standing  on  a 
small  island  of  the  same  name,  near  the  continent ; 
also  at  Utahcite^  an  island  in  the  South  Pacific  Ocean; 
and  it  appeared,  from  a  comparison  of  the  observa- 
tions, that  the  duration  at  the  former  place  exceeded 
that  at  the  latter  by  23"^  10*.  But,  from  the  known 
situation  of  the  two  places.  Dr.  AIaskeli/7iCy  assuming 
the  sun's  mean  horizontal  parallax  8*83  (agreeably 
to  the  result  of  observations  on  the  transit  in  1761)1 
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dn^  calculating  from  the  expression  in  Art.  576. 
found  that  the  ingress  at  Wardhujjs  was  accelerated 
by  the  parallax  6ra  38*74,  and  the  egress  retarded 
4m  38''i4;  so  that  the  whole  duration  was /e;?^//^ef;/f' J 
iin»  i6*88i  At  Ota/tcitej  according  to  this  gentle- 
man's calculadon,  the  ingress  was  retarded  5"°^  43*- 1 1 , 
and  the  egress  accelerated  6"*  26^*96 ;  so  that  the 
whole  duration  was  diminished  12™  io''o7;  <^oi^se- 
queUtly,  the  computed  diflference  of  the  times  is 
a3*n  26^-95. 

5t^.  Now,  since  the  observed  difference  of  the 
total  durations  at  IFardhuy^  and  Otqheite  is  23m  10 , 
and  the  computed  difference,  from  the  assumed  sun's 
mean  hbrizontal  parallax  8'^'83,  is  23^'  26*'95,  the 
true  parallax  of  the  sun  is  less  than  that  assumed. 
Let  the  true  parallax  be  to  that  assumed  as  i  —  c  to 
I,  and  (Art.  576.)  the  first  parts  of  the  computed 
parallax  will  be  lessened  in  the  ratio  of  i  —  (' :  1 ,  and 

the  second  parts  in  the  ratio  of  i  — d* :  i,  or  of 
i  —  2c:  I  nearly.  All  the  first  parts,  according  to 
l)r.  AJa^kelym's  calculation,  viz.  4o6'*o5,  287-05, 
341 4*48,  381^  *47,  in  all  =  i4i7**o5,  combine  tha 
same  way  to  msike  the  total  duration  at  H'ardhiufs 
longer  than  that  at  Otaheitc^  As  to  the  second  parts, 
the  effects  at  IVardhuys  are  —  7**3i  and  — 8  '91, 
land  at  Olaheite  are  -f-  1**63  ^^^  +  4**49  5  ^^^^e  four 
Incorporated  give  ^—  lo'Mo.     Therefore,   1417 '05 

X  1-— r —  To-*io  X  1— 'le=  1390%  the  excess  of 
the  observed  total  duration  at  fVarJhuj/s  above  that 
at  Otahtitt;    or   1417**05  —  io-*io  ~  1390,  =c 

I417  -oc*— lo'*2o  X  e^  and  e  =s=  — ^  =  o*o  1 2 1  : 

hence  the  mean  horizontal  parallax  ot  the  sun  = 

8'^'83  X  I  —  0*0121  =  8^^723 1 6.  And  by  com- 
puting the  effects  of  this  parallax  at  both  places,  and 
comparing  them  with  the  observations,  the  differences 
irere  so  triflings  that  the  above  conclusion,  or  8f^, 
or  Sttj  which  is  vcf  y  near  it,  must  be  reckoned  within 

c  c 
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a  very  small  degree  of  the  true  horizontal  paralhit 
at  the  sun's  mean  distance  from  the  earth. 

579.  Mr.  Short  states  the  mean  horizontal  parallar, 
as  a  medium  resulting  from  many  observations,  at 
about  8"^  47 ;  AWtv  makes  it  8^*68;  Dr.  Honisbyf 
S^'6g  and  8^-92 ;  M.  Pij/^TC,  8'^'8 ;  M.  du  Scjourj 
8^*8 1  ;  M.  ac  la  LandCy  8^-6.  The  mean  of  all  these 
determinations  agrees  very  nearly  with  the  parallax, 
as  deduced  from  the  calculations  of  Dr.  MusKelifnc. 
Hence,  then,  knowing  the  radius  of  the  earth,  we  may 
find  the  mean  distance  of  the  sun,  according  to  the 
method  given  in  Chap.  XL  Prob.  7. 

580.  The  transits  of  mercury  and  venus  are  not 
only  useful  in   determining  the  sun's  parallax^  but 
they  may  be  applied  to  the  ascertaining  of  the  longi* 
tudes   of  different   places ;   they   occur   so  seldom, 
however,  that  they  cannot  be  of  great  utility  in  this 
respect.     They  are  of  considerable  benefit  in  correct- 
ing the  elements  of  the  respective  planets,  particularly 
the  places  of  the  aphelia  and  nodes^  and  the  inclinatioQ 
of  the  orbit.    The  transits  of  venus  in  1761  and  1769 
contributed  much  to  the  correction  of  the  theory  df 
that  planet ;  as  to  thetransit  of  mercury  in  1799,  the 
weather  in  England  was  so  unfavourable,  that  the  sun 
could  not  be  viewed  at  the  time  of  the  tranat ;  it  was, 
however,  observed  in  France,  by  La  Lande,  who,  in 
his   History  of  /Istro/ioini/  for   18  o,  says,  '*  The 
transit    of  mercury  over    the    sun  enabled    me   to 
verify  the  place  of  the  aphelion,   and  by  my  result 
there  appears  no  necessity  for  changing  the  Tables 
of    mercury.'*      Dr.  Ilvrschcly    in  consequence    of 
the  effect  of  the  solar  rays  upon  the  glasses  of  his 
seven-feet  telescope,  when  prepared  for  viewing  this 
transit,  was  led  to  an   enquiry  into  the  method  of 
viewuig  the  sun  advantageously,  with  telescopes  of 
large   apertures   and   high    magnifying  powers;    in 
pursuit  of  this  enquiry  he  instituted  a  series  of  very 
curious  experiments,  an  account  of  which  is  inserted 
m  the  F/ii/osop/tical  Tranmctions  for  1800,  Part  IL 
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I  The  resulrs  he  obtained  from  them  furnished  him 
I  *ilh  various  means  of  adapting  his  telescopes  more 
If  SOeceSsfuIly  to  sokr  ohservations ;  and,  as  the  two 
E-iae^ds  which  he  found  most  effectual  may  be  highly 
r  teefill  to  the  practical  asirohomef,  they  are  here 
described  :  he  placed  a  very  dark,  green  glass  behind 
the  second  eye-glass,  that  it  might  be  shcUered  by 

I  both  glasses,  which,  in  his  double  eye-piece,  are  close 
together,  and  of  an  equal  focal  length.  Here,  as  the 
rays  were  not  much  conceslrated,  the  coloured  glass 
received  them  on  a  large  surface,  and  stopped  liglit 
and  heat,  in  the  proportion  of  the  square  of  its  dia- 
meter then  used,  to  thai  on  which  the  rays  would 
liave  fallen  had  it  been  placed  in  the  Sbcus  of  pencils. 
For  the  same  reason  he  also  placed  a  dark  green 
smoked  glass  close  upon  the  former,  with  the  smoked 
side  towards  the  eye,  that  the  smoke  might  likewise 
be  protected  against  heat,  by  a  passage  of  the  -rays 
through  two  siirfaces  of  coloured  glass.  This  posi- 
tion had  the  advantage  of  leaving  the  telescope,  with 
its  mirrours  and  glasses,  completely  to  perform  its 
operation,  before  the  applicaiion  of  the  darkening 
apparatus ;  and  thus  to  prevent  the  injury  which 
must  be  occasioned  by  the  interposition  of  the  hete- 
rogeneous colouring  niatter  of  the  glasses,  and  of  the 
smoke.  ...  He  also  placed  a  deep  blue  glass,  with 
a  blueish-greeii  smoked  one  upon  it,  as  in  the  former 
method,  and  found  the  sun  of  a  whiter  colour  than 
before;  there  was  no  disagreeable  sensation  of  heat, 
though  a  little  warmth  might  be  felt.  .  .  .  The 
doctor  adds,  that  with  either  of  these  "  he  has  seen 
Uncommonly  well ;  and  that,  in  a  long  series  of  very 
interesting  observations  upon  the  sun,  the  glasses  have 
met  with  no  accident."* 

'  In  tiie  Mrmoiri  ijf  the  Aimkmi  if  Scimm  al  fkrOn,  from 
AuguM,  i;S6,  tn  the  tnd  a(  tjH'},  iherc  is  inscrit^il  an  accouni  u( 
**  Obttrvalivm  i/»  tie  Paat/igr  i^  Mrixury  over  (hr  SuitaDiic,  wt 
Mcy  ^th,  1736,"  by  ProfessfT  Briilcr,  of  M;t;iw,  in  CourlanJ, 
From  thcM-  uWrvations  tfaediameurof  tncrcury,  sern  ftriin  the 
«anh,  WM  fnuiiil  to  he  Jo'-^y  ;  u  seen  fmra  the  siin,  il'-Sj^  j 
Snd  uio-n  al  tee  roeun  dJ.lanct  of  ibf  sun  from  the  c«rlh,  5'';y. 
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On  Comets^ 


Art.  581.  BESIDES  the  ordinary  planets,  vrhich 
are  always  in  our  neighbourhood  (if  we  may  so  speak), 
and  within  our  view,  or,  at  least,  within  the  reach  of 
our  telescopes,  there  is  another  sort  of  planets,  whidi 
may,,  perhaps,  be  calfed  temporary;  for,  after  any 
one  of  them  has  been  conspicuous  for  a  season,  it 
withdraws,  and  is  ho  longer  visible  :  these  bodies  are 
called  cornets  J  or,  vulgarly,  blazing  stars  ^  having  thii 
to  distinguish  them  from  other  staps,  that  they  arc 
usually  attended  with  a  long  train  of  light,  tending 
always  opposite  to  the  sun,  and  being  of  a  fainter 
lustre  the  farther  it  is  from  the  body  of  its  respectire 
comet*  There  is  a  popular  division  of  comets  into 
three  kinds,  beai^dcd^  tailed^  and  ha}ri/  ;  but,  in  gcM- 
ral,  this  division  rather  relates  to  the  several  circuiii* 
stances  of  the  same  comet  than  to  the  phenomena  of 
several*  Thus,  when  the  comet  is  eastward  of  the 
sun,  and  moves  from  him,  it  is  said  to  be  b^arMj 
because  the  light  precedes  it  in  the  manner  of  a  beard; 
when  the  comet  is  westward  of  the  sun,  and  sets  after 
him,  it  is  said  to  be  tailal^  because  the  train  of  light 
follows  it ;  and  lastly,  when  the  sun  and  comet  aie 
diametrically  opposite,  the  earth  being  between  them, 
all  the  train,  except  the  extremities,  is  hid  behind  the 
body  of  the  comet ;  this,  therefore,  appears  round  il 
like  a  border  of  hair  or  conia^  whence  it  is  called  hmft 
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and  whencp  the  name  of  comet  is  derived.  The 
magnitude  ^of  comets  has  been  observed  to  be  very 
diftcrent ;  many  of  them  without  their  hair  have 
appeared  no  larger  than  stars  of  the  Arst  magnitude ; 
but  some  authours  have  given  us  accounts  of  others, 
which  appeared  much  greater ;  such  was  that  which 
appeared  in  the  time  of  the  emperor  Nero^  which,  as 
isciiCJ  relates,  was  not  inferiour,  in  apparent  magni- 
tude, to  the  sun  himselt  The  comet  which  Hccdius 
observed,  in  tlie  year  1652,  did  not  seem  to  be  less 
than  the  moon,  though  it  was  deficient  in  splendour, 
for  it  had  a  pale,  dim  light,  and  appeared  with  a  dis- 
mal aspect.  Most  comets  have  dense  and  dark  atmo- 
spheres siu-rounding  their  bodies,  which  weakens  the 
sun's  rays  that  fall  upon  them;  but  within  these 
appears  the  nucleus^  or  solid  body  of  the  comet, 
which,  when  the  sky  is  clear,  will  often  give  a  more 
splendid  lighL 

6K:i.  The  ancient  philosophers  allowed  comets  a 
place  among  the  heavenly  bodies,*  and  ranked  them  in 
stations  far  above  the  moon ;  for  A^nstotlc  (in  his 
first  book  of  Aid  ears  y  Chap.  VI.*),  Pliitarck  (in  his 
third  book  of  Philowpliicnl  Opinion.^  Chap.  II.  f), 
and  Seneca  (in  his  seventh  book  of  Natural  Cluc^- 
tiom^  Chap.  III.),  testify,  that  the  Pythagoreans,  and 
the  whole  Italian  sect,  maintained,  that  a  comet  was  a 
kind  of  planety  or  wandtriug  st(n\  which  did  not 
constantly  appear  in  the  heavens,  but  in  stated  times, 
after  having  gone  through  a  determinate  circuit,  arose 
or  appeared  again.  Hippocrates^  Cliios^  and  Demo- 
critmy  were  of  the  same  opinion,  as  we  are  informed 
by  Aristotle  and  Seneca.  Seneca  also  assures  us,  that 
jipollonius  Myndius^  one  of  the  most  skilful  in  the 

W  vnfitlkn*  nrt  ^uvfo*  9W%f  aviAffeu^u  mm  «ipi  t»»  tm  Ep;Aii  mrtf»> 
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search  of  natural  causes,  asserted,  "  that  the  Ch^L 
dcam  reckoned  comets  among  the  other  ztamierwg 
^tarSj  and  that  they  knew  their  courses."  ^polloniut 
himself  maintained,  that  a  comet  was  a  star  of  its  own 
kind,  as  the  sun  and  moon  are,  but  that  its  course  wa$ 
not  yet  known }  that  by  its  motion  it  mounts  very 
high  in  the  heavens,  and  only  appears  when  it  descend^ 
into  the  lower  part  of  its  orbit.  Seneca  himself- 
embraces  this  opinion  (see  the  22d  chapter  of  the 
book  before  referred  to)  :  '^  I  cannot  believe,'*  say$ 
he,  "  that  a  comet  is  a  fire  suddenly  kindled,  but 
that  it  ought  to  be  ranked  among  the  eternal  works 
of  nature.  A  comet  has  its  proper  place,  and  is  not 
easily  moved  from  thence ;  it  goes  its  course,  and  is 
not  extinguished,  but  runs  off  from  us.  But  you 
will  say,  if  it  were  a  wandering  f^tar,  it  would  keep  in 
the  zodiac  \  but  who  can  set  one  boundary  to  all  tbe 
stars  ?  who  can  restrain  the  works  of  the  divinity  to  a 
narrow  compass  ?  for  each  of  those  bodies,  which  you 
imagine  to  be  the  only  ones  that  Iiavc  motion,  have 
very  different  circles ;  why,  tliercfore,  may  there  not 
be  some  that  have  peculiar  ways  of  their  own,  wherein 
they  recede  far  from  the  rest :'' 

.58:3.  Yet,  for  all  this,  the  whole  sect  oi  Peri  pat  C; 
/it's J  fearing  that  generations  and  corruptions  should 
be  introduced  into  the  heavtns  by  placing  the  comets 
in  them,  maintained  that  they  were  nothing  more 
than  a  pecuhar  kind  of  meteors  within  our  atmo- 
sphere ;  and  some  later  philosophers  have  held  nearly 
the  same  opinion.  But  that  comets  are  far  bevond 
the  limits  of  our  atmosphere,  and,  indeed,  at  a  greater 
distance  than  the  moon,  is  manifest,  because,  when 
seen  from  different  places,  they  appear  at  the  same 
distance  from  fixed  stars  which  are  near  them,  which 
could  not  be,  unless  their  parallax  wa3  very  small^ 
and,  consequently,  their  distance  very  great.  Wc 
may  easily,  by  the  help  merely  of  a  thread,  find  if  a 
comet  have  any  sensible  parallax  j  for  a  comet,  just 
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before  it  disappears,  goes  so  slowly,  that  for  several 
days  it  appears  to  have  scarcely  any  motion  among 
the  fixed  stars :  let  it,  then,  be  twice  observed  ;  first, 
when  it  is  very  high  above  the  horizon,  take  any  two 
stars  between  which  the  comet  lies  in  a  right  line 
parallel  to  the  horizon,  which  may  be  easily  found  by 
extending  the  thread  directly  between  the  stars  ;  after- 
wards, when  the  comet  approaches  near  the  horizon, 
it  must  again  be  tried,  whether  it  continue  in  the  right 
line  between  the  same  two  fixed  stars.  Now,  if  there  be 
any  sensible  parallax  which  depresses  the  comet,  it  can- 
not be  seen  on  the  same  right  line  in  both  situations ; 
therefore,  since  this  is  found  to  be  the  case  with  all 
comets  at  their  first  appearance,  or  just  before  they 
disappear,  it  is  a  convincing  proof  that  they  have,  in 
these  positions,  no  sensible  parallax,  and  must,  there- 
fore, be  at  a  prodigious  distance  from  us.  Since 
refraction  will  equally  affect  the  comet  and  the  stars, 
it  need  not  be  regarded  in  these  observations. 

56\*  Comets,  since  they  are  at  such  distances 
from  the  earth,  must,  like  all  other  stars,  have  their 
apparent  motion  round  it  from  east  to  west,  which 
arises  only  from  the  rotation  of  the  earth  upon  its 
axis.  But,  besides  this,  they  have  a  real  and  proper 
motion  of  their  own,  by  which  they  are  continually 
shifting  their  place  in  the  heavens,  and  have  their 
proper  courses  in  the  celestial  regions :  but  the  deter- 
mination of  their  orbits  is  a  very  troublesome  and 
difficult  business,  chiefly  because  none  of  them  is 
visible  through  the  whole  of  its  revolution.  A  comet 
is  very  seldom  seen  in  conjunction  or  opposition  to 
the  sun,  and  seldom  at  its  node  in  the  plane  of  the 
ecliptic  ;  and  as  it  can  be  observed  but  in  a  very  small 
part  of  its  orbit,  we  cannot  apply  those  methods 
which  enable  us  to  ascertain  the  orbit  of  a  planet. 
Our  mode  of  procedure  must,  however,  in  many  re- 
spects be  similar  to  them  ;  and  all  possible  diligence 
SDUSt  be  used  in  making  the  observations.     It  will  be 
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advisable  to  take  the  apparent  diameter  of  the  comet 
very  frequently ;  as  by  these  means  a  judgment  may 
be  formed  of  its  relative  distance  at  diii'erent  times : 
its  degree  of  motion,  its  brightness,  &cc.  must  also 
be  regarded;  for  when  it  moves  with  greatest  velocity, 
or  appears  most  bright,  it   may  be  fairly  concluded 
that  it  is  near  its   perihelion.     If  the  place  of  "the 
comet  can  be  observed  when  it  has  no  latitude,  the 
place  and  time  of  its  being  in  one  of  its  nodes  will 
then  be  exactly  known ;  but  as  this  can  seldom  be 
actually  observed,  these  elements  are  generally  ap- 
proximated to,  from  other  observations.     The  proper 
course  of  a  comet  may  be  found  by  observing  every 
night  its  distance  from  two  fixed  stars,  whose  longi- 
tudes and  latitudes  are  known ;  or  by  finding  its  al- 
titude when  in  the  same  azimuth  with  two  known 
fixed  stars;  or,  by  noting  four  fixed   stars,  in  the 
point  of  intersection  of  the   two  lines  connecting 
which  the  comet  is   found ;  for  by  either  of  these 
means  we  can  easily  compute  (Art.  190.  191.  192.) 
the  place  of  the  comet  for  each  night,  and  thence  it$ 
course.     If  the  places  of  the  comet,  as  thus  observed 
every  night,  be  marked  ou  the  celestial  globe,  a  line 
drawn    through   them    will    represent    the    comet's 
path  among  the  stars :  a  great  circle  drawn  through 
three  distant  places,  will  nearly  shew  the  way  it  has  to 
go ;  if  it  be  continued  till  it  intersect  the  ecliptic,  it 
will  shew  nearly  the  place  of  the  node,  and  the  incli- 
nation of  the  o?-bit  to  the  ecliptic  :  the  place  of  the 
tiode  and  inplination  of  the  orbit  being  ihus  found 
from  several  triplets  of  places  independent  of  each 
other,  a  medium  of  the  results  may  be  looked  upon 
as  tolerably  accurate. 

58o.  Now,  from  observations  thus  conducted,  with 
proper  calculations,  it  appears  that  comets  describe 
curvp  lines  about  the  sun ;  they  must  therefore,  by  the 
first  law  of  motion  (Art.  262.),  be  acted  upon  by 
some  force  which  draws  them  from  their  rectilinear 
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(Course.     Since  this  force,  in  all  the  planets,  tends  to 
f he  sun,  as  being  by  far  the  largest  body  in  the  sys- 
tem ;  we  conclude,  for  the  same  reason,  that  in  the 
comets  it  respects  the  sun  also  \  and,  as  this  force  in 
^e  planets  is  inversely  in  the  duplicate  ratio  of  the 
distance  from  the  sun  (Art.  281.),  the  same  law,  we 
(Conclude,  is  observed  by  the  comets  \  which,  there- 
fore,  move  i^  conic  sections  about  the  sun,  having 
one  of  their  foci  in  the   centre  of   that  luminary. 
Hence,  if  comets  return  in  their  orbits  (as  we  kncnv 
3ome  of  them  do,  and  as  we  conclude  all,  or  nearly 
all,  do),  those  orbits  must  be  ellipaesy  or  nearly  so ; 
and  their  periodical  times  will  be  to  the  periodical 
times  of  the  planets  in  the  sesrjuiplicate  ratio  of  their 
principal  axes.  (Art.  284.)  Comets,  therefore,  being 
for  the  ii)ost  part  beyond  the  planetary  regions,  and, 
on  that  account,  describing  orbits  with  much  larger 
major-axes  than  the  planets,  revolve  more   slowly. 
Thus,  if  the  major-axis  of  a  comet's  orbit  be  four 
times  as  long  as  that  of  the  orbit  of  <j;eorgium  ,shlui>^ 
the  time  of  the  comet's  period,  would  be  to  that  of 
the  planet  as  4J:  :  i,  or,  as  8  :  i  ;  its  periodic  time 
yrould  therefore  be  nearly  666  years. 

58^ >.  The  orbits   in  which  comets  move,  are  ex- 
tren^ely  excentric  ;  therefore,  since  astronomical  cal- 
culations of  very  excentric  ellipses  are  complex  and 
tedious,  and  as  comets   are  visible   during   only  a 
very  3hort  part  of  their  revolution,  during  which  the 
portions  of  their  elliptic  orbits  are  nearly  of  the  same 
curvature  as  ]Hirabola.s^  it  follows,  that  the  arc  o)  a 
Comeths  visible  oj'bil  may,  without  ami  scnaible  crrour^ 
be  taken  for  a  portion  of  a  parabola.  We  therefore,  for 
fhe  ease  of  computation,  imagine  the  orbits  of  comets, 
or  at  least  those  parts  of  them  which  chiefly  come 
under  our  consideration,  to  be  parabolic  ;  and  on  this 
hypothesis,  the  motions  of  these  bodies  when  near  the 
vertices  or  perihelia  of  their  orbits  are  ascertained, 
l^tVp  (fig.  9,  Pl,  Vm.)  be  an  indefinitely  small 
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arc  described  by  the  body,  S  the  place  of  the  sun, 
S  N  a  line  drawn  from  the  focus  S,  ^perpendicular  to 
a  tangent  to  the  parabola  A  P  D  at  the  point  P ; 
then,  ift.  The  velocity  u  ni  any  point  P  of  the  para- 
bohy  is  as  the  square  root  of  the  parameter  to  the 
axis^  divided  Jby  S  N  :  for,  the  velocity  is  as  the  arc 
P p  or  u  SMS  pr  :  now,  /;  M  being  perpendicular  to. 
P  S  in  the  similar  right-angled  triangles  />  P  M,  P  S  N, 

S  N  :  S  P  :  :  />  M  :  /;  P  =  ^^^— .  But  the  para- 
meter is  as  the  square  of  the  described  sectors; 
therefore  R  (the  parameter)  =/;M  X  SP%  and 
V^R==/>MXSP;  and  by  substitution,  //  P  or  a 

=    c  XT »  or  «  =  ^^—^9  from  the  nature  of  the  pa* 

rabo^a.     sdly.  The  vclocilij  u  in  any  point  P  q)  the 

parabola^  is   to  the  rvlociiy  V  oj  a   body  running 

through  the  circinnjcrcnvc  oj  a  circle  xciih  a  central 

force  tending  to  its  centre^  the  nidi  us  being  equal  te 

S  P,  as  v/2  :  I.  For,  since  ic  =  '^-i-i^,  w  *  =: 
±^:    or,  because  S  N-  =  S  P  X  S  A  (Ilutton  on 

S  N  -  ^ 

ranibota,  Prop.  VI.  Cor.  3.),  vr^  .=  bT"x  a"s  ^  i\^ 
But  the  circle  wliose  radius  is  S  P,  being  taken  as  an 
ellipsis,  its  pr.rametcr  is  ^^^  2  S  P ;  and   the   velocity 

V  being  uniforni,  it   h  every-whcrc   (Art.  283O  as 

^^^- ;  therefore  V  V  =  ^-p^  =  ~:  consequently 

;/a  :  V-  :  :  ^p  :  -^^y  1:2:1;    and    therefore    u  : 

V  :  :  \/2  :  \/i  :  :  \/z  :  i. 

,587.  Since  the  comets  appear,  as  far  as  we  are 
acquainted  with  their  motions,  to  f(')lIow  the  same 
laws  as  the  planets,  we  must  therefore  with  these  on 
a  like  account  as  we  did  with  them,  distribute  the  in- 
equalities of  their  motions  in  the  dilfercnt  parts  of 
their  orbits  :  and  in  order  to  do  this  the  more  readilv, 
it  will  be  neceffary  to  premise   a  few  prc^pcrtics  ll 
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parabolic  areas,  which   are  either  well  known  5  or 
manifestly  deducible  from  such  as  are. 

j6S.  The  parabolic  area  APC^(fig,  8.  PL  YIII.) 
comprehended  between  the  curve  AP,  its  ordinate 
P  v^  and  absciss  A  Q,  is  equal  to  two-thirds  of  the 
rectangle  contained  by  P  Q^and  A  Q. 
•  o8i/.  If  AP  and  the  tangent  P  T  be  drawn,  then 
<he  area  of  the  triangle  A  P  C^is  to  the  parabolic  area 
A  P  C^  as  -J  is  to  T,  or  as  3  tp  4 :  and  the  parabolic 
segment  included  between  the  arc  A  P  and  the  right 
line  A  P,  is  one-third  of  the  triangle  A  P  Q^ 

5<ni.  The  area  of  the  triangle  P(^T,  is  to  the 
parabolic  area  APQ,  as  i  to  f,  or  as  3  to  2  : 
for  A  O  =  A  T,  whence  P  O  T  is  double  the  triangle 

oUi.  If  the  ordinate  SM  pass  through  the  focus 
S,  the  parabolic  area  A  S  M  is  equal  to  A  of  the 
square  of  the  parameter  :  for  putting  A  S  =  Z»,  the 
parameter  will  be  denoted  by  4  /•,  and  the  ordinate 
S  M  by  2  /^ ;  the  parabolic  area  will  therefore  be  ^  of 
2  A  /;,  and  the  square  of  the  parameter  will  be 
16  h  b'y  the  former  of  which  is  evidently  y^,  of  the 
latter. 

69^2.  When  there  are  several  parabolas,  their  areas 
included  between  the  part  A  S  of  the  axis,  from  the 
vertex  to  the  focus,  and  the  ordinate  S  M  passing 
through  the  focus,  are  to  one  another  as  the  areas  of 
circles,  whose  radius  is  AS  :  for  the  relation  of  those 
parabolic  areas  being  expressed  by  I  of  2  b  h,  by 
substituting  unity  for  the  constant  quantities,  they  be- 
come as  h  0,  that  is,  as  the  squares  of  A  S  :  but  the 
areas  of  circles  whose  radii  are  A  S,  are  to  each  other 
as  the  squares  of  AS;  therefore  the  parabolic  areas 
ASM  are  to  one  another  as  the  areas  of  circles, 
having  A  S  for  radius. 

593.  Since  the  times  are  always  as  the  areas,  t/fc 
time  a  comet  requhxs  \  to  pass  from  the  perihelion  to 
00^,  is  alxvays  as  the  time  it  zvould  take  to  describe  a 
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circle^  whose  radius  is  equal  to  the  comet's  perihelion 
distance.  •  •  •  Thus  much  being  premised,  we  may 
lay  down  the  chief  rules  respecting  the  motion  of 
comets  in  the  three  following  problems. 

5y4.  Prob.  I.  To  find  an  equation  expressing  th$ 
relation  between  the  true  anojualiesy  or  a  cornet^ s  true 
motions  reckoned  J  rotn  its  perihelion;  the  time  it  re- 
quires  to  pass  from  its  perihelion  to  90**;  and  also 
the  time  required  to  arrive  at  those  true  anoma* 
lies* 

Put  t  for  the  tangent  of  h^f  any  true  anomaly 
ASP  (fig.  8,  PL  VIIL)  ;  a  for  the  time  taken  to  go 
from  the  perihelion  to  \jo^ ;  b  for  the  time  in  passing 
from  the  perihelion  to   the  point  P ;  and   make  the 
perihelion  distance  S  A  iz:  i.  From  P  draw  PD  per- 
pendicular  to  the  tangent,  meeting   the  axis  in  D : 
draw  the  ordinate  PQ,  and  join  PA.     Then,  ist, 
the  angle  PDAzilASP:  for,  let  S  N  be  drawn 
perpendicular   to  P  T ;  then   the  triangle   P  S  T  is 
i.^osceles,  the  angle  PSN  ~  iASP;  and,  because 
of  the  similar  right-angled  triangles  PSN,  T P D, 
the  angle  PDAzzNSP  =  4ASP.     2dly.  4  P  (^ 
=  t :  for,  taking  D  C^for  radius,  PQ^is  the  tan- 
gent  of  the  angle   PDQ^    Now  i^HuUon.  Farab. 
Pr.  VI.  Cor.  2.),  D  C^=  2  A  ^ ;  tlierefore,  takmg 
A  S  ibr  radius,  P  C>^is  double  the  tangent  of  P  D  Q, 
or  PQ^=  2  /,  consequently  1  P(^=  t.     3dly,  A  (^ 
zz  1 1 :  for  in  the  right-angled  triangle  T  P  D,  O  D  : 
P  Q^:  :  P  Q^:  Q^ T  -,  or  2  :  2  t  :  :  2  t  :  2  1 1  =  l^T 
=  2  A  Q^(by  Conic  Sections) ;  therefore  A  Q  =r  /. 
4thly.  The  area  of  the   parabolic   sector  ASP,  is 
t  +  J  t^:  for,  the   area  of  the   triangle  O  A  P  =; 
i  QJP  X  Q  A  =  /  X  /*  =  /^  and  the  area  of  the 
segment  A  O  P  A  =  }  /3  (Art.  589.) ;  also  the  area 
of  the   triangle   A  P  S  is  I  A  S  X  P  (^=  i  X  2  / 
=  / ;  therefore  the  area  of  the  sector  ASP   is  I  /' 
+  t.      5thly.  The  area  of  the  sector  A  8  M  O  A 
is  J  :  for  it  b  (Art.  528.)  iofSMXSA,  ottc^ 
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ft  X  1  ==  4«  Lastly,  since  the  time  a  is  as  the  area 
A S  P  O  A,  and  the  time  d  as  the  area  A  S  M  O  A, 
we  have  this  proportion,  a  :  ^  i  :  b  :  ^  t^  +  t ;  from 
this  analogy,  we  deduce  3  «  /  +  a  ^3  =  4  ^,  for  the 
equation  sought. 

595.  CoROL.  I.  The  times  a  and  b  being  given, 
the  tangent  of  half  the  true  anomaly  PS  A  is  mani- 
festly found  by  resolving  the  cubic  equation  3  ^/  /  + 

a  t^  ^  4  ^»  or  Y3  ^  3  /  zz  -^.     There  are  various 

methods  of  doing  this ;  but  it  may  in  many  cases  be 
easily  effected,  as  follows :  Let  the  side  A  B  of  the 
triangle  A  B  C,  right-angled  at  A,  be  z:  i ,  A  C  — 

7-  (fig-  7»  PI.  VIIL);    compute  BC  the  hypothe- 

nuse ;  and  find  two  mean  proportionals  between  B  C 
+  A  C,  and  B  C  —  AC,    the  difference  of  these 
mean  proportionals  is  the  value  of  t.     This  process 
may  be  readily  performed  by  means  of  logarithms. 
596'.  CoROL.  2.     The  equation  2  ^  ^  +  a  P  =r^ 

4  by  being  reducible  to  i  O  +  i  t  zz.-^,    it  follows, 

that  if  the  same  true  anomaly  be  found  in  different 
parabolas^  the  times  required  to  arrive  at  those  aiio- 
malies  Jrom  the  perihelion  of  each  orbit y  are  to  each 
other  as  the  time  of  passing  from,  the  perihelion  it^ 
90^  ;  and  the  contrary:  for  if  those  anomalies  are 
equal,  ^  /3  +  J  ^  is  a  constant  quantity  ;  theiefoic^ 

—  is  in  a  constant  proportion,  of  the  times  occupied 

in  running  through  those  anomalies,  to  the  times  of 
passing  from  the  perihelion  of  each  parabola  to  90^. 

597.  CoKOL.  3.  A  true  anomaly,  and  the  time 
a  comet  takes  to  pass  from  its  perihelion  to  90^,  being 
given  ;  the  time  corresponding  to  that  true  anomaly 
is  found  by  the  equation  b  -=1  ^a  t  +  ^  a  Oy  ot  ^  b 
rz  ^  a  i  +  ^  t^. 

59s.  CoROL,  4*  A  true  anomaly,  and  the  cor- 
responding time,  being  given  5  the  time  of  a  comet's 
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passage  from  its  perihelion  to  90°,  is  determined  bjf 
the  equation  a  —  ~7~r7i'  ^^^  instance,  suppose  t 
comet's  perihelion  distance  is  equal  to  the  earih't 
mean  distance  from  the  sun,  the  time  required  by 
the  comet  to  pass  from  its  perihelion  to  90°,  may  be 
thus  computctl ; 

The  time  of  the  earth's  sidereal  revolution  !> 
365''  6''  9"'  12'  (Art.  56.)  ;  whence  we  get  2'  27* 
50^'j  for  the  horary  motion  at  the  mean  distance. 
But  at  equal  distances  from  the  centre  of  force,  the 
velocity  in  a  circle,  is  to  that  in  a  parabola,  as  i  to  \/t 
(Art.5E6.);  therefore  the  horary  velocity  of  the  comet 
in  its  perihelion  is  2'  2-]"  50'"^  X  v  2  =  3'  29' 
4'"  -J  n  2  .'  Now  4/1^4  hours  =  A  of  a  day,  the 
logarithm  of  which  is  9-22i8;88  ;  the  logarithm  of 
the  tangent  of  /,  or  of  i'  44"  32'" -j-,  is  67048538, 
to  which  the  logarithm  of  3  being  added,  the  sum  is 
7-1819771,  the  log.  of  3  ^  ;  67048558  X  3  — 
o'l  145674  the  log.  of  /%  the  number  tx  .rc^iini^^  the 
value  of  this  logarirhni,  ;■>  so  cxcj  ili:';^!;  ■  ■'i:.; 
(having  nine  cypners  preceding  the  first  significant 
figure),  that  it  may  be  safely  neglected.  Therefore, 
lessening  9-2218488  by7'i8i977i,  the  remainder 
2-0398717  is  the  log.  of  (/,  the  value  of  Which  is 
109*615429,  or  109"  14^  46"  13%  for  the  time  oc- 
cupied by  a  comet,  whose  perihelion  distance  is  equal 
to  the  earth's  mean  distance  from  the  &un  in  going 
from  the  perihelion  to  90°. 

oi)y.  Prob.  il.  To  Jill (i  nil  cfjiialion  erprcsxitig 
the  relation  betvceu  a  comet's  pcri/ie/ioti  distance  S  A. 
(fig.  8,  PI.  VII!.),  (ini/  me  of  its  true  anomalia 
ASP,  (Did  the  distance  S  P  fi-om  tlicsun. 

Let  /»  denote  the  perihelion  distance,  c  the  co-sine 
of  half  the  true  anomaly,  /■  the  tabular  radius,  and  d 
the  distance  from  the  sun  :  then,  because  S  N  is  per- 
pendicular to  TP,  the  angle  N  S  P  is  half  ASP; 
therefore  S  P  N  is  the  complement  of  half  the  true 
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anomaly.  But,  taking  S  P  for  radius,  we  have,  ?' : 
«ine  S  P  N  =  c  :  :  S  P  :  S  N  ;  consequently,  by  the 
nature  of  proportions,  ?*  r  :  c  c  :  :  d  :  Jf,  and  there- 
fore c  cd  :=:!  p  r  ;*,  is  the  equation  sought. 

CoRoi.«  If  in  diSerent  parabolas,  the  same  true 
anomaly  be  found,  the  corresponding  distances  from 
the  sun  are  as  the  perihelion  distances ;  for  the  con- 
stant relation  of  cc  to  ;'  r,  gives  also  that  of  d  to  /;. 

600.  Prob,  UL  To  reduce  all  the  perihelion  dls^ 
tances  of  different  comets  to  a  common  measure^  viz. 
to  the  earth^s  mean  distance Jrom  the  sun,  snpjwscd 
unitif. 

The  time  of  a  comet's  passage  from  its  perihelion 
to  90°,  is  (Art.  593.)  as  the  time  it  would  take  to 
describe,  about  the  sun  as  a  centre,  a  circle  whose 
radius  r  is  equal  to  its  perihelion  distance  p^  But  it 
has  been  shewn  (Art.  285.)  that  the  time  of  a  revo- 
lution in  a  circle,  is  as  y/r^ :  the  times  therefore  of 
passing  from  the  perihelia  to  90^,  are  as  \//;'.  Hence, 
when  the  measure  of  a  comet's  periheHon  distance  is 
to  be  determined  in  parts,  such  as  those  of  which  the 
earth's  mean  distance  from  the  sun  is  i,  say,  us 
i09'6i5429,  or  109**  14^  46'^*  13*  (Art.  598.),  to 
the  time  of  a  comet's  passage  from  perihelion  to  90^  ; 
so  is  I  (for\/i3  =1),  to  \/;;%  or  to  the  square 
root  of  the  cube  of  the  perihelion  distance  required. 

60 1.  CouoL.  From  hence  and  the  precedin,:^  de- 
monstrations, it  follows,  that  the  trnc  unoindlii  s  in 
any  parabola  being  comjmtcd^  tlicy  mm/  be  used  for 
all  cojnets  iciwsc  perihelion  distances  are  Inioxcn  :  for 
when  true  anomalies  are  the  same  in  different  para- 
bolas, the  distances  d  from  the  centre  of  force,  are  as 
the  perihelion  distances  p  (Art.  599*)^,  or  \/  ^/3  is  as 
v//>^.  Now  (Art.  600.)  the\//>3  are  as  the  tim-s 
required  to  j)ass  from  the  perihelion  to  those  aiic/- 
malies ;  therefore,  when  the  true  anomalies  are  the 
same  in  different  parabolas,  the  \/ p^  are  as  the  limc-^ 
of  passing  frpm  the  perihelion  to  those  true  anomalicj. 
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60'i.  Having  thus  explained  the  nature  of  the  cotn* 
putations  for  the  motions  of  comets,  we  proceed  to 
the  calculus  for  the  geocentric  longitudes  aiid  lati- 
tudes of  these  bodies,  wliich  is,  in  almost  every 
respect,  similar  to  that  which  was  pursued  in  dtier- 
mining  these  particulars  in  the  planets  ;  the  necessary 
elements  are : 

1.  The  epoch  and  place  of  the  comet's  peribelioQ< 

2.  The  distance  of  the  perihelion  irom  the  sun,  ia 
terms  of  the  radius  of  the  earth's  orbit. 

3.  The  position  of  the  ascending  node. 

4.  The  inclination  of  the  comet's  orbit  to  Ha 
ecliptic. 

These  being  known,  proceed  in  conformity  to  ibe 
following  precepts  : 

(VuJ.  1.  Subtract  two-thirds  of  the  logarithm  of  tha 
perihelion  distance  Jrom  the  logarithm  of  the  time  (in 
days  and  dccimalE"")  between  the  comet's  pas-sing  the 
perihelion  and  the  given  time,  the  remainder  wtJI  be 
the  logarithm  of  that  interval,  reduced  tu  the  distance, 
in  days,  from  the  perihelion  of  the  orbit 

6114.  II.  "Find  the  true  anomaly  answeiin^  :he  lime 
found,  and,  when  the  comet  is  direct,  add  that  ano- 
muly  to  the  perihelion's  place,  if  the  given  time  follow 
that  of  its  passaj,-t:  through  the  perihelion  ;  or  subtract 
it,  if  the  given  time  precede  the  passage.  But  when 
the  comet  s  motion  In  its  orbit  is  retrograde,  add  ihi 
true  anomaly  to  the  place  of  the  perihelion,  if  the 
given  time  precede  that  of  the  p^t^sa^e  ;  or  subtract  it, 
if  the  time  be  after  the  passage  ot  the  perihelion  ;  lae 
result  will  be  the  true  heliocentric  place  of  the  cornet 
in  its  orbi». 

rt'i'j.  III.  The  place  of  the  ascending  node,  taken 
from  the  comet's  true  heliocentric  place,  will  leate 
the  argument  of  the  comet's  latitude  (Art.  370I. 

'.)''».  IV.  A=i  radii";,  to  the  co-sine  of  the  orbit^ 
inclination,  so  is  the  tangent  of  the  argument  of  ht^ 
tude,  to  the  tangent  of  the  comet's  distance  from,  ibi 
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ascending  node,  measured  in  the  ecliptic,  ?.  e.  the 
tangent  of  the  reduced  distance  (^Art.  372.). 

607.  V.  Add  the  reduced  distance  just  found  to 
the  true  place  of  the  node,  the  sum  will  be  the 
comet's  true  heliocentric  place  reduced  to  the  ecliptic, 
or  (Art.  373.)  the  comet's  true  heliocentric  longitude. 

60s.  VI.  As  radius,  to  the  sine  of  the  incliuatioa 
of  the  comet's  orbit ;  so  is  the  sine  of  the  argument  of 
latitude,  to  the  sine  of  the  heliocentric  latitude 
(Art.  371.;. 

60y.  VII.  Calculate  the  sun's  distance  from  the 
earth,  and  his  true  place,  when  the  earth's  true  helio- 
centric place  is  known,  being  six  signs  distant ;  thea 
the  difference  between  the  comet's  true  heliocentric 
longitude,  and  the  heliocentric  longitude  of  the  earth, 
will  give  the  angle  at  the  sun  between  the  earth  and 
the  comet,  that  is  (Art.  292.),  the  angle  of  conm)uta- 
tion. 

610.  Vni.  As  the  square  of  the  co-sine  of  half  the 
anomaly,  to  the  square  of  radius ;  so  is  the  comet's 
perihelion  distance,  to  its  true  distance  from  the  suu 
(Art.  599.). 

611.  IX.  As  radius,  to  the  co-sine  of  the  comet's 
heliocentric  latitude;  so  is  the  comet's  real  dis^aiice 
from  the  sun,  to  its  distance  measured  upon  the  plane 
of  the  ecliptic,  that  is,  to  its  curtate  distance  (Art. 

374-). 

61 2.  X.  As  the  sum  of  the  comet's  curtate  distance 

from  the  sun,  and  of  the  earth's  real  distance  from 
the  sun,  to  their  difference  ;  so  is  the  tangent  of  the 
complement  of  half  the  angle  of  commutation  (Art. 
609.),  to  the  tangent  of  an  arc;  which  added  to  this 
complement,  if  the  comet's  curtate  distance  from  the 
sun  exceed  the  earth's  real  distance  from  him ;  or 
subtracted,  if  the  comet's  curtate  distance  from  t)  .e 
sun  be  less  than  the  earth's  distance,  the  sum  or  dif- 
ference will  give  the  angle  at  the  earth  comprehended 
between  the  sun's  place  and  the  comet's  geocentric 
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place,  that  is,  the  angle  of  the  comet's  dongadon; 
whence  may  easily  be  deduced  the  comet's  geocen« 
trie  longitude  (Art.  375.)- 

6i3.  XL  Lastly  (Art.  376.),  as  the  sine  of  the 
angle  of  commutarion  (Art.  6o9,)5  to  the  sine  of  the 
angle  of  elongation,  just  found;  so  is  the  tangent  of  the 
comet  s  heliocentric  latitude  (Art.  608.),  to  the  tan- 
gent of  its  geocentric  latitude. 

614.  Prob.  IV.  To  dctcrm'nie  that  part  of  a 
comet* s  orbit  through  which  it  7noves  xvhen  subject  to 
obnet^ations  from  the  earth. 

This  is  a  problem  which  is  universally  acknow> 
ledged  to  be  of  considerable  difficulty  ;  such^  indeed, 
that  as  the  data  are  not  sufficiently  accurate  fort 
direct  geometrical  method,  the  soludon  is  generally 
effected  by  repeated  approximations.  Several  of  the 
approximating  methods  which  have  been  adopted  ait 
exceedingly  tedious;  and  as  it  would  not  be  consistait 
with  the  plan  of  this  worx  to  enter  at  length  into  an 
account  of  these,  we  shall  merely  explain  the  nature 
of  one,  namely,  that  given  by  h<mojich^  which  is  in 
substance  as  follows  :  Having  collected  the  greatest 
possible  number  of  observations,  choose  three  of  them 
which  were  taken  when  the  comet  was  not  too  near 
its  perihelion  (because  near  the  perihelion  the  orbit 
does  not  differ  sensibly  from  a  circle  \  and  make  these 
the  basis  of  the  operations :  let  S  (rig.  10,  PI.  VUL) 
be  the  sun,  UW  the  orbit  of  the  earth,  supposed 
here  to  be  a  circle,  E  the  place  of  the  earth  at  the 
first  observation,  e  at  the  third ;  draw  EC,  e  r,  to 
represent  the  observed  directions  of  the  comet,  and 
let  L,  /,  w,  be  the  longitudes  of  the  first,  second,  and 
third  observations,  ;//  and  v  the  geocentric  iadtudei 
of  the  comet  at  the  first  and  third  observations,  and 
/,  T,  the  intervals  of  time  between  the  first  and 
second,  second  and  third  observations.  Assume  C 
for  the  place  of  the  comet  at  the  first  observation, 
reduced  to  the  ecliptic  ^  then,  to  determine  the  place 
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sU  the  third  observation,  say  T  X  sme  xc  —  /  :  f  X 

^sine  /—  L  :  :  E  C  :  er,  and  c  will  be  nearly  the 
place  required ;  join  C  c,  and  it  will  represent  the 
path  of  the  comet  on  the  ecliptic,  according  to  this 
assumption.  Draw  CK,  ckj  perpendicular  to  the 
ecliptic,  taking  C  K  :  £  C  : :  tang,  m  :  radius,  and  c  k 
i  ec  \  :  tang,  n  :  radius  ;  join  K /.-,  and  it  will  repre- 
sent the  orbit  of  the  comet,  if  the  first  assumption  be 
true.  Bisect  C  c  in  r,  and  draw  xu  parallel  to  C  K, 
and  K  k  will  be  bisected  in  jy;  join  y  S.  Let  S  E  =  i ; 
then  if  t;  be  the  mean  velocity  of  the  earth  in  i:s 

orbit,  the  velocity  of  the  comet  at^  =  — ^=zr'  (Art. 


^1  X  -J 


o 


586.) ;  taking,  therefore,  r  =  E  f,  compute  — 

and  if  this  be  equal  to  K  /*,  the  assumed  point  C 
the  true  point.     But  if  these  quantities  be  no:  cc  m'^I, 
a  new  point  must  be  assumed  for  C,  in  choosing  v  h:  :h 
we  must  be  directed  by  the  nature  and  quantity  c:  :!.e 
crrour  arising  from  the  first  assumption;  thu:,  ::  \':iZ 
computed  value  of  K  /;  be  greater  than  its  v^Ije  n. en- 
sured in  the  figure,  and  the  lines  CK,  c/.,  clvrre 
from  each  other  as  they  recede  from  the  sun ,  t  h t  p  \ . :;  t 
'  C  must  be  taken  farther  from  E.  by  how  great  a  c  ^  r  - 
Uty  we  must  conjecture  from  the  ma;,TiiLjde  ci  t;.e 
eirour,  and  from  the  consideration  th^t  thj  c^r;.'!*' ; 
velocity  diminishes,  as  it  recedes  from  the  i\iz\.    )r\:.\ 
CK,  c k^  as  before,  and  compare  the  m.;r  .re:  <;  I 
computed  value  of  KA-;  and,  if  a  frc-j'j  '^-.^-.-.i-.^r.'  :i 
be  necessary,  make  it  in  confcrmi-y  to  the  c  .: 
tions  above  suggested.     Having  thus  a';ccr  ii;,<, : 
position  of  the  points  C,  •,  very  rearly,  pro^i .' 
klLjXo  meet  at  N;  join  N S,  and  ii  wi.i  {j^,  u. 
the  nodes ;  and  if  C  /*,  c  i,  be  driiwn  |Krp,:  ..  ....  i  '  i 

N  S,  either  of  the  angles  K  rC,  /  .  /,  yAW  ;.';'    .  •:". 
ihe  inclination  of  the  orbit.     Als^^,   iro;,i   ^\^':   tv/'i 
distances  SC,  Sr,  and  the  included  aii>;l'  i/t^^  i|.< 
parabola  may  be  easily  constructed  j  thu>>  Iiuhj.;;   <  \ 


,     s    .  ,    ft  ^ 
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off  S  C,  S  c  (fig.  I,  PL  IX.),  in  their  proper  relative 
position,  with  the  centres  C,  c,  and  radii  equal  to  S  C, 
S  c,  describe  the  arcs  aKoj  e  r  i,  and  draw  the  line 
R  r  rf  to  touch  those  arcs,  this  line  will  manifestly  be 
the  directrix  of  the  parabola ;  which  being  known^ 
together  with  the  focus  S,  and  the  determining  ratio 
(that  of  equality),  the  parabola  may  be  constructed 
by  Prop.  4.  Nezcton's  Conies,  Or,  letting  fall  S  D 
perpendicularly  upon  R  D,  and  bisecting  it  in  A,  the 
vertex  and  focus  of  the  parabola  AcC  will  be 
known ;  whence  It  may  be  drawn  by  well  known 
methods.  From  either  of  these  constructions,  the 
ratio  of  the  comet's  perihelion  distance  S  A  (fig.  i, 
PI.  IX.)  to  the  earth's  mean  distance  SE  (fig.  10, 
PL  VIII.)  will  be  known,  and  consequently  (Art 
586.)  the  comet's  velocity  in  perihelion  :  the  velocity 
in  either  of  the  points  C  or  c  will  be  determined  by 
the  observations;  and  since  (Art.  273.)  the  angular 
velocities  are  reciprocally  as  the  squares  of  the  dis- 
tances from  the  centre  of  force,  the  distances  S  C, 
S  c,  are  hence  found  in  terms  of  S  E  :  if  these  agree 
nearly  with  the  construction,  the  assumptions  have 
been  properly  made  ;  if  not,  some  farther  corrections 
are  necessary.  The  angles  A  S  C,  A  S  r,  may  either 
be  measured  or  calculated  from  the  known  distances 
by  means  of  Art.  599. ;  then,  having  the  perihelion 
distance  and  the  true  anomaly,  the  time  from  the 
perihelion  may  be  determined  by  Art.  593.  597. ; 
whence,  as  the  observations  will  shew  whether  the 
comet  be  approaching  to,  or  receding  from,  the  peri- 
helion, an  epoch  of  the  perihelion  will  readily  be 
ascertained.  When  a  parabola  is  found  to  agree 
tolerably  nearly  with  the  positions  given,  it  is  useless 
to  proceed  ferther  in  the  approximation,  for  either  the 
observations  fixed  upon  are  accurate,  or  nearly  so ; 
if  they  are  accurate,  we  cannot  expect  that  a  parabola 
should  agree  perfectly  with  them,  because  the  points 
they  determine  are  actually  (or  at  least  probably)  i& 
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an  ellipsis ;  if  they  are  only  nearly  accurate,  if  a  para- 
bola could  be  found  to  agree  with  thern^  it  might  not 
agree  with  all  the  observations  made  upon  the 
comeL 

6 15.  Prob.  V.  To  ascertain  the  periodical  time  of 
a  comet y  and  the  axes  of  its  orbit. 

If  comets,  after  having  receded  from  the  lower 
regions  of  the  solar  system  to  vast  distances  beyond 
the  orbits  of  the  most  distant  planets,  return  again  to 
the  neighbourhood  of  the  sun,  the  paths  they  describe 
must  be  nearly  elliptical ;  and  then,  if  observations 
have  been  made  sufficiently  exact  to  be  a  basis  of  the 
operations,  the  requisites  of  the  problem  may   be 
determined  in  the  following  manner  :  Let  A  K  B I 
(fig.  2,  PI.  IX.)  be  the  trajectory  of  a  comet,  A  B  its 
major  axis,  IK  the  minor,  S,  F,  the  two  foci,  the 
former  of  which  being  the  place  of  the  sun,  C  the 
place  of  the  comet,  C  S  its  distance  from  the  sun,  C  c 
the  space  it  passes  over  in  a  very  small  portion  of 
time,  D  C  E  a  tangent  to  the  curve  in  the  point  C, 
S  D,  F  E,  perpendiculars  demitted  thereon  from  the 
foci :  draw  S  G  parallel  to  the  tangent,  and  join  F  C* 
Also,  let  ALB  be  a  circle,  described  on  the  major 
axis  AB;  APTB  a  rectangle  about  the  ellipsis 
A I B,  and  A  QJt  B  a  square  about  the  circle  ALB. 
Lastly,  let  A  N  O  be  the  elliptic  orbit  of  any  planet, 
S,  /,  its  foci ;  put  S  C  =  ^,  S  D  =  A,  C  c*  =  ^,  the 
time  in  which  it  is  described  /,  the  major  axis  of  the 
cometary  orbit  A  B  =  .r,    of   the   planetary   orbit 
A  O  s=  y,   the  circumference  of  the  circle  A  V  O 
described  on  the  same  axis  =  />,  the  periodical  time 
of  the  comet  =  /,  and  that  of  the  planet  =  n. 

6\6.  The  space  C  c  described,  the  distance  S  C, 
and  the  angle  S  C  D,  being  all  determinable  by  ob- 
servation, are  given  quantities.  The  mean  distance 
of  the  comet  isAHziSK^:^  d\  and  of  the  planet 
is  A  ^i?->  =  S  N  zz  J  y  J  and,  because  the  squares  of 
the  periodical  times  are  as  the  cubes  of  the  mean 
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^iBtances  (Art  aog.)f  we  have  t  9^ :  i  j*3  :  •  «•  ifif 
therefore  P  =  *.— r-.  and  /  =  —  v/— • 

617*  But  it  is  necessary  to  find  another  ezpressioft 
for  the  periodical  time  t^  which  may  be  done  thus : 
Because  C  c  is  a  very  minute  portion  of  the  oifait,  it 
may  be  esteemed  a  right  line,  and  the  sector  G  S  c  as 
a  rectiline  triangle,  whose  a^ea  iSD  X  C  c  zz^be 
is  given :  then,  as  the  area  ibe,  is  to  the  whole  area 
of  the  ellipsis  AKBI  =  A;  so  is  the  time  f^  to 

the  whole  periodical  time  t;  wherefore  /=sj|£. 

X  A- 

6 1 8.  Nowj;  in  order  to  determine  the  area  A,  we 
must  find  the  semiconjugate  H  K ;  and  here,  because 
AB  =  SC  +FC,  we  have  FC  =a^  —  a;  and 
by  the  similar  triangles  S  D  C,  F  £  C,  we  have  SO: 

SD:  :FC:FE,  thatis,  <i:  4:  ix-^aztlZllii 
=  FE;  consequently  FG  =  FE  — GE  =  ^JLUlii- 


»*:: 


Again,  S  C :  CD  ;  :  F  C  :  C  E;  or  a  :  \/li^~^ 

a:  —  a\  ^-^^  </ a^  —  u *  :  hence  DE  or   S  G  ss 

a 

CE  +  CD  =  '^^  ^ a^  —  h*  +  v/a»_^.  = 


hx — %ah 


Tv/""'"^''  ButFG  =  ''^-p^i    therefore  FS 


=  y/FG^+SG*  =  J 

«=    / ^^^-^i —  J  and,  of  course,  S  H 

»  ""  V  4aa 

019.  Moreover, since  S  K  ^  AH  =  i  a-,  HK 


<i*jr*  —  44i6'4r4-  4a' ^ 


:^  L^ax  —  a^i   therefore  I  K  =  a  H  K  =  ~ 

^ ax  — "«* ,  and  —  ^/T^F-^~a»  ss^  area  of  the 
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tectangle  APTB.  Let  P  be  the  periphery  of  ih^ 
circle  ALB,  whose  diameter  is  .r,  then  its  area  will 
be  t  L  H  X  P  =  i  J'  P,  and  we  shall  have  r'  : 
-^i  P  :  :  J  ^  :  X  a  P  :  :  A  QRB  :  ALB  :  :  APTB  : 

AIB:  :  q^:  ^qpi  that  is  y*  :  i  y  /> :  :  -  x/ajc—a- : 

iii  v/«u— tf»  =  AIB.    But2AIB  =  AIKB 

*=  A  =  -^  v^f/  .r  —  "(^  :  therefore,  substituting 
this  value  or  A,  in  the  expression  at  the  end  of 
Art,  6 1 7.,  we  have  /  =  • -^  \/ a  a:  —  a^.  Equate 
this  value  of  /,  with  that  given  in  Art.  616.,  then 

—    /•-•  =  *^-^  \/  a  d'  — 7? ;   which    equation   re* 

duced,  gives  .r  =  py^^'^^j^^  =  AB,  the  major 

axis  of  the  comet's  elliptical  trajectory. 

620.  If  we  substitute  this  value  of  2\  in  the  above 

equation,  for  t,  we  shall  have  /  ==  ^jrprziTTr^^l  ^ 
the  periodical  time.     Also,  because  the  conjugate  I  K 

—  \/  ^  .r  — •  tf  *  =  c,  we  have  j;  == r-^ 

a  '  4  Z>*  a 

*^  T^r     ^'^>  >  >  whence,  by  reduction,  we  find 

c  ^==  2  b  €  n    I -.^  ,     — -r-7,  the  minor  axis  of 

the  orbit. 

62  i .  From  these  equations,  it  obviously  appears, 
that  when  the  velocity  of  the  comet  is   such  that 

y»  p^  q  s=  a  e^  w*,  the  axis  »r  will  be  ufjimte,  and 
consequently  the  trajectory  will  be  a  parabola  ;  if 
tf  e*  w*  be  greater  than  ,t  ^  p^  q*  the  direction  of  the 
axis  will  be  on  the  other  side  of  the  curve,  wh  ch 
will  be  an  hyperbola,  in  either  of  which  cases,  he 
comet  can  never  return :  but  in  every  instancr  • 

jT*  p^  q  in  greater  than  a  t*  »*,  the  comet  »  ni  •  c* 

•cribe  an  ellipsis i  wxQUg  these  we  may  compa^).  I; 
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•f'ri 


Mf'y, 


circle,  where  ,r  =  a  fl  = 

=  2  fl  e*  «»,  whence  e  =  C  c  =  —   /  -^,ihe  iKh 

a  ^J    3  a 

of  the  circle  described  in  one  day,  or  one  hour,  ac- 
cording as  the  value  of  n  is  given  in  days,  or  hours. 
fi-j  ..  Let  the  earth  be  the  planet  which  we  supposed 
to  describe  the  ellipsis  A  N  (J  ;  then  its  mean  distance 
J  (,  ^=  JCC0  30  or  7  =  20OC0O,  ^.nd  p  =  6z^%\i-f 
also  the  periodical  [itne  »  =  one  ytar  ■  then  if  C  c 
be  the  portion  ol  the  comet's  orbit  described  in  one 

day,  we  have  /  ^  ■■    _  .f.-"^  0*0027378.  The  other 

expressior.s  will  become  as  follows:  ior  theprtncrpal 

axis,  .r  =  J2}ppmJiJ'  ".,  andfor  the  pcriodia* 
591826599135  — ae"  r 

,;„,„ 4750560000  X<J_ 


62^.  Hence,  jf  the  data  deduced  from  observa- 
tions are  ascertained  with  precision,  that  is,  if  the 
distance  of  a  comet,  and  the  space  it  passes  0T9  ta 
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e^  is  less  than  the  said  number,  if  a  and  e  be  not 
sfined  to  the  last  degree  of  exactness,  the  major 
ds  J*9  and  periodical  time  t^  will  differ  widely  from 
le  truth.  Thus  it  happened  that  M.  Bou^uerj  who 
"St  made  use  of  this  method,  determined  the  orbit 
'the  comet  which  was  observed  in  1729  to  be  ait 
fperbola.  M.  Ealer  also,  in  his  first  calculation  of 
le  comet's  orbit  which  appeared  in  1 744,  made  it 
i  hyperbola ;  but  afterward,  from  more  accurate  ob- 
rvations,  he  found  the  orbit  an  ellipsis.  Since,  there- 
re,  much  dependence  cannot  be  placed  upon  theresults 
'  these  computations,  it  is  thought  by  many,  that  the 
fest  way  to  determine  the  period  of  comets,  is  to  com- 
ire  the  elements  of  all  those  which  have  been  com- 
ited,  and  (as  it  is  extremely  improbable  that  the 
bits  of  two  different  comets  should  have  the  same 
clination,  perihelion  distance,  places  of  the  peri- 
^lion,  and  node,  &c.)  when  the  elements  of  two 
;ree  pretty  nearly,  to  conclude  that  they  are  in  fact 
le  and  the  same  comet,  whose  period  will  be  known 
r  the  interval  of  time  between  the  two  pzjssages  of 
e  perihelion ;  and  from  this  the  axes  of  the  orbit 
ay  readily  be  computed.  But  even  this  method  has 
ilcd,  particularly  in  the  instance  of  the  comet  which 
IS  expected  to  return  in  1789  or  1790:  perhaps, 
en,  the  hypothesis  ad v  .need  by  Mr.  Cole  in  his 
ieorj/  of  Comets,  may  in  some  cases  be  accurate, 
e  supposes  that  the  orbit  of  a  comet  is  not  an  el- 
>se ;  but  that,  when  it  passes  its  perihelion,  it  has 
quired  so  great  a  velocity,  that  its  centripetal  force 
overcome  by  its  centrifugal,  and  that  consequently 
e  comet  continues  to  fly  off*  in  a  parabola  or  hy- 
rbola,  till  it  come  within  the  attraction  of  some 
:ed  star ;  that  this  attraction  may  give  it  a  new 
rection,  and  increase  its  velocity  till  it  come  to  an 
sis  below  that  star,  when  it  may  again  fly  off*  either 
a  parabola  or  hyperbola,  and  proceed  till  it  fall 


4:o  Ln^h^*CmKr*VA 

vidii  : -^  z::73c&n  of  anoAa  nr  ;  aid  thus  «M 
nofrt  irscTiSU  CfOteou  *. 

Nli.  P^o^  VL    T9  jiad  lie  la^  of' a  earnest 

tB''. 

Th'.i  hsj  astoBr  been  done  n  die  fbOowng  ■»■. 
Ber :  L^  S  (6^  3,  PL  LX.  be  the  soB,  £  ilie  earth, 
C  :b£  corntC,  CF  ibe  tail  vben  directed  fim  the 
tuii;  thciL,  knmno)(  the  211^  SEC  and  CSC 
iro.-n  obr:r\aiiciB,  tbetr  sum  U  ibe  angie  £  C  F ;  the 
Vii\e  C  L  F  oader  »h>ch  ibe  i^  ^ipean  b  ako 
knomi  frriin  obsctratiaa ;  of  coune  all  tbe  anglet 
of  Eh^  iriingle  £  C  F  are  knovn,  and  cmce  die  ade 
C  V.  tn^y  U:  fottikj  wben  the  cocoet'i  orbit  is  dctcr- 
minei!.  vv-j  readOy  find  C  F.  If  tbe  (fevction  of  rfee 
uii  ti<.-.i^;£  irom  CF,tbc  angle-of  deriadoaFCr 
mav  be;  i"imd  from  obscrv^tioa;  dus  ukeo  from 
F  C  £,  an  J  added  to  C  F  K,  »iU  give  c  C  £  and  C  c  £ 

-*  M.  LvusesT  huttartnl  ibemaeidB  Is  Us  CoiMfa^  m 

f..-.l-i:-^    i  -  „„  ■■■,.  I,  iTmi.  iI  .   ilwAhffa^    MkiolbA^^B 


Tall  of  a  Comet.  4 1 1 

respectively ;  whence  C  E  <f  and  C  E  being  as  before, 
C  e  soon  becomes  known.  The  tails  of  comets,  ac- 
cording to  the  observations  of  Sir  Isaac  NncloUj 
Pingrtj  and  others,  have  sometimes  appeared  under 
angles  of  more  than  90^ ;  and  have  thence  been  com- 
puted to  be  the  astonishing  length  of  40,  60,  or  80 
millions  of  miles ! 

625.  Scholium.  The  tail  of  a  comet,  at  its  first 
appearance,  is  very  short,  and  increases  as  the  co- 
met approaches  towards  the  sun ;  immediately  after 
its  perihelion  the  tail  is  longest,  and  most  luminous, 
and  is  then  generally  observed  to  be  somewhat  bent, 
and  to  be  convex  cowards  those  parts  to  which  the 
comet  is  moving;  the  convex  side  being  rather 
brighter  and  better  defined  than  the  concave  side. 
When  the  tail  arrives  at  its  greatest  length,  which  in 
some  comets  has  been  stated  as  in  the  last  article,  it 
QuicUy  decreases,  and  soon  vtoishes  entirely,  about 
the  same  time  that  the  comet  itself  ceases  to  be  seen. 
The  matter  of  which  the  tail  is  formed  is  exceedingly 
rare,  and  so  very  pellucid  that  the  light  of  the  smallest 
stars  suffers  no  diminution  in  passing  through  it,  as  is 
remarked  by  Newton^  in  the  Frimipia^  lib.  iii. 
prop.  41. 

6*S6.  To  account  for  these  phenomena,  various  con- 
jectures have  been  advanced :  Km  ton  mentions  three 
opinions  which  prevailed  about  his  time. — "  Some," 
says  he,  *'  maintain  that  they  are  nothing  else  than  the 
beams  of  the  sun's  light  transmitted  through  the  co- 
met's  head,  which  they  suppose  to  be  transparent : 
others,  that  they  arise  from  the  refraction  which  light 
suffers  in  passing  from  the  head  of  the  comet  to  the 
earth :  and  others,  that  they  are  a  sort  of  clouds  or 
vapour  continually  rising  from  the  head  of  the  comet, 
and  tending  towards  the  parts  opposite  to  the  sun." 
The  first  and  second  of  these  opinions  he  refutes,  but 
adopts  the  third^and  adduces  several  arguments  to  prove 
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that  the  tail  mUst  conast  of  some  kmd  of  vayxmr 
arising  constantly  from  the  head  of  the  coniiet.  The 
ascent  of  vapours  into  the  tail  of  the  comet,  he  sflp* 
poses  occasioned  by  the  rarefaction  of  tiie  atmiK 
q>here  when  the  comet  is  in  perihelioxi.  Smok^  i| 
h  observed,  ascends  the  chimney  by  the  impulse  of 
the  air  in  which  it  floats ;  and  air  rarefied  by  heil^ 
ascends  by  the  diminudbn  of  the  specific  gjmkj^ 
carrying  up  the  smoke  along  with  it :  in  the  saune 
manner^  then,  it  may  be  supposed  that  the  tafl  of  a 
comet  is  raised  by  the  sun.  llie  tails  thus  prodocd^ 
when  the  comets  are  m  perihefio,  will  go  off  akqg 
with  then-  heads  into  remote  regions,  and  be  there 
lost,  vanishing  by  little  and  little^  till  the  comets  are^ 
as  it  were^  1^  bare ;  till  at  the  return,  ^rtrrM^ 
towards  the  sun,  some  short  tails  are  again  graduaBr 
produced,  wh;ch  afterwards  in  the  perihelion  dficffr 
mg  down  into  the  sun's  atmosphere,  will  be  imnieoa^ 
increased.  Nerctou  farther  observes,  that  the  n- 
pours  when  thus  dilated,  rarefied,  and  diffused  through 
the  celestial  regions,  may  probably  be  gradually  at* 
tracted  down  to  the  planets  and  intermingled  with 
their  atmosphere,  so  as  to  be  useful  for  the  conser- 
vation of  the  water  and  moisture  of  the  planets.  He 
also  conjectures  that  comets  may  be  designed  to  re- 
cruit the  sun  with  fresh  fuel,  and  repair  the  cc^ 
sumption  of  his  light  by  the  streams  which  he  con- 
tinually sends  forth  in  all  directions.  AU  this,  it 
will  be  seen,  is  in  consistency  with  the  opinion  then 
received,  that  the  sun  was  a  body  of  fire :  but  as 
this  opinion  is  now  doubted  by  most  philosophers, 
and  abandoned  by  many,  the  hypothesis  of  Aewtan 
respecting  comets  docs  not  now  meet  with  many  ad- 
vocates. 

627.  M.  Elder  (Mem.  Berlin^  tom.  IL  p.  117.) 
thinks  there  is  a  great  affinity  between  the  tails  of 
the  comets,  the  zodiacal  light,  and  the  aurora  borta^ 
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lis,  and  that  the  common  cause  of  all  of  them  i& 
the  a^on  of  the  sun*s  light  on  the  atmospheres 
of  the  comets,  of  the  sun,  and  of  the  earth.  He 
supposes  that  the  impulse  of  the  rays  of  light  on 
the  atmosphere  of  comets,  may  drive  some  of  the 
finer  particles  of  that  atmosphere  far  beyond  its  limits; 
and  that  this  impulsive  force,  combined  with  that  of 
gravity  towards  the  coniet,  would  produce  a  tail 
which  would  always  be  in  opposition  to  the  sun,  if 
the  earth  did  not  move.  But  the  motion  of  the  co- 
met in  its  orbit,  and  about  an  axis,  must  vary  the 
position  and  fijzure  of  the  tail,  giving  it  a  curvature 
and  deviation  from  a  line  joming  the  centres  of  the 
sun  and  comet;  and  that  this  deviation  will  be 
greater  as  the  comet's  orbit  has  the  greater  curva- 
ture, and  as  its  motion  is  the  more  rapid.  It  may  even 
happen,  according  to  this  hyp»)thesis,  that  the  velo- 
city of  the  comet  in  the  perih^^lion  may  be  so  great, 
that  the  force  of  the  sun's  ra\s  may  produce  a  new 
tail  before  the  old  one  can  folio  v.  ;  in  which  case  the 
comet  might  have  two  or  more  rails,  as  was  observed 
respecting  the  comet  of  1744,  while  in  its  perihe- 
lion. 

628.  Dr.  Hu^h  Ilamiltonj  in  the  second  of  his 
Philosophical  Essrn/s,  urges  several  objections  against 
the*  Newtonian  hypothesis :  he  remarks,  that,  since 
the  tail  of  a  comet,  though  exceedingly  rare,  meets 
with  no  resistance  in  its  rapid  motion  round  the  sun 
(except  so  slight  a  one  as  can  only  cause  a  very  small 
condensation  on  that  side  of  it  which  moves  tbre- 
most,  and  thereby  may  make  it  a  little  brighter  than 
the  other  side),  it  cannot  possibly  move  in  a  ntta'.um 
denser  and  heavier  than  itself,  and  therefore  camiot 
be  raised  up  from  the  sun  by  the  siiperior  gravity  of 
«uch  a  medium.  And  since  the  stars  seen  throu' h 
all  parts  of  a  comet's  tail  appear  in  their  proper 
places^  and  with  their  usual  colours,  he  infers  that 
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the  rays  of  light  suffer  no  refraction  in  pas^g  throngh 
the  tail;  therefore,  sitice  bodies  reflect  and  refract 
light  by  one  and  the  same  power,  he  concludes  that 
the  matter  of  a  comet's  tail  has  not  the  power  of  re- 
fracting or  reflecting  light,  and  is,  of  consequence,  a 
lucid  or  self  shining  substance.     Also,    from   what 
astronomers  say  of  the  splendour  of  comets'  tails, 
it  is  manifest  they  do  not  shine  with    such  a  dull 
light  as  would  be  reflected  to  us  by  the  clouds  or  vap 
pours  at  so  great  a  distance,  but  with  a  brisker  though 
a  glimmering  light,  such  as  would  arise  from  a  very 
thin,  volatile,  burning  matter.     Dr.  Halley^  speak- 
ing of  the  great  streams  of  light  in  the  remarkable 
aurora  borealts  seen  in  171 6,  says,  **  they  so  mudi 
resembled  the  long  tails  of  comets,  that  at  fint 
sight  they  might  be  taken  for  such  :**  and  after- 
wards, "  this  light  seems  to  have  a  great  affinity  to 
**  that  which  the  efliuvia  of  electric  bodies  emit  in  the 
•*  dark."     Dr.  Hamilton  im^rovts  upon  these  hints; 
and  since,  as  he  shews,  the  tails  of  comets,  the  au- 
rora borealis,  and  the  electric  fluid,  agree  remark- 
ably, not  only  in  their  appearance,  but  also  in  such 
properties  as  we  can  observe  of  each  of  them,  he  con- 
cludes that  they  are  substances  of  the  same  nature. 
And,  because  the  electric  matter,  from  its  vast  5ub- 
tilty   and   velocity,  seems  capable  of  making  great 
excursions  from  the  planetary  system,  he  imagines 
that  the  several  comets,  in  their  long  excursions  from 
the  sun  in  all  directions,  may  overtake  this   matter; 
and  by  attracting  it  to  themselves  may   come  back 
replete  with  it,  and  beinn;  again  heated  by  the  sun, 
may  disperse  it  among  the  planets,  and  so  keep  up 
a  circulation  of  this  matter,  which  there  is  reason  to 
think  is  necessary  in  our  system. 

()g,9.  After  all  that  has  been  said  and  done  by  dif- 
ferent persons  to  determine  the  nature  of  comets  anJ 
their  tails^  our  acquaintance  with  them  i^  still  very 


/  _ 

Reflections  of  Herschel.  4 1  j 

limited.     Their  real  magnitudes  have  been  supposed 
to  vary  from  about  the  size  of  the  moon  to  three 
times  that  of  the  earth,  beyond  which    limits  very 
few  have  been  observed  till  lately  ;  but  Dr.  I/cr.s/wi 
has  observed  several  which  he  could  not  find  had  any 
solid  nucleus:  we  shall  conclude  the  present  chap- 
ter with  his  reflections  on  this  subject.  -  "  Many  of 
the  operations  of  Nature  are  carried  on  in  her  great 
laboratory  which  we  cannot  comprehend ;  but  now 
and  then  we  see  some  of  the  tools  with  which  she  is 
at  work.     We  need  not  wonder  that  their  construc- 
tion should  be  so  singular  as  to  induce  us  to  confess 
our   ignorance  of  the  method  of  employing  them, 
but  we  may  rest  assured  that  they  are  not  mere  ///s7/,y 
natuf'ce.     I  allude  to  the  great  number  of  sma  1  teles- 
cope comets  that  have  been  observed  ;  and  to  the  far 
greater  number  still,   that  are  probably  much    too 
small  for  being  noticed  by  our  mod  diligent  searchers 
after  them.     Those  six,  for  instance,  which  my  sister 
has  discovered,  I  can,  from  examination,  aflirm,  had 
not  the  least  appearance  of  any  solid  nucleus,  and 
seemed  to  be  mere  collections  of  vapours  condensed 
about  a  centre.     Five  more  that  I  have  also  observed, 
were  nearly  of  the  same  nature.     This  throws  a  mys- 
tery over  their  destination,  which  seems  to  place  them 
in  the  allegorical  view  of  tools,  probably  designed 
for  some  salutary  purposes  to  be  wrought  by  them  ; 
and,  whether  the  restoration  of  what  is  lost  to  the 
sun  by  the  emission  of  light,  may  not  be  one  of  these 
purposes,   I  shall  not  presume  to  determine.     The 
motion  of  the  comet  discovered  by  M.  Messier^  in 
June,  1770,  plainly  indicated  how  much  its  orbit  was 
liable  to  be  changed,  by   the  perturbation  of  the 
planets;  from  which  and  the  little  agreement  that  can 
be  found  between  the  elements  of  the  orbits  of  all 
the  comets  that  have  been  observed,  it  appears  clearly 
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that  they  may  be  directed  to  cany  their  nlnlatjiik 
flueace  to  any  part  of  the  heavens  */* 

■ 

*  Many  other  interettiiig  ^ptrticulan  retpectinff  the  natiiR  ef 
comets^  the  calcnlatioa  of  their  oibits,  dec.  may  be  icmt  19^ 
rioff  to  NewioH*s  Prueum,  lib.  iii. ;  Dr  Haiiqf^s  ^rnopat  eftt 
in  nU.  TrmM,  No.  2i8«  or  at  the  end  of  Dr.  Groan's  Jwhvm 
M*  Sffawr,  Eaai  mtr  le$  Comitea  ;  M.  Pingri^s  Cammgr&fkk; 
JFatfjrAr^A^M^flingettiousworkOa  the  Dettiwimiiim  afiht  (Mih 
•f  Comcft ;  Dr.  Huitm*$  Matktmatkal  and  Pkihnpkkti  Dietiammy, 
ttt.  Comet:  «od  M.  Bod£$  Gaurai  CmuidanUum*  m  the  SifMin 
€f  tie  OrhUt  rf  oB  th  PUlHt  and  Comets  rvkkk  kaoe  kkkeHo  km 
tdetdoted,  imertad  in  the  Memoin  rf  ike  Acadamf  if  Sekmon  tl 
Jbrim,  from  Aug.  1786  to  the  edd  of  1787.  The  moat  eUewitt 
ffMe  tor  calcahitiog  the  motions  of  comets  was  oompated  bj  M. 
ffe  Lmbre  ;  it  is  inferted  in  Mr.  Foicf's  Syttem  cfAdrmmmy.  A 
•mailer  table,  on  the  same' principles^  majbe  met  with  ialLdi 
h  CmUc'e  AMtronmy. 


(  *lt  ) 


CHAPTER  XXH. 


On  the  Aberration  of  Lights 


Art*  6SO4  THE  term  aberration  is  applied  In  as« 
tronomy  to  a  certain  apparent  motion  of  the  celestial 
bodies,  occasioned  by  the  progressive  motion  of  light, 
and  the  earth's  annual  motion  in  her  orbit.  This 
apparent  motion  is  so  minute,  that  it  could  never 
have  been  discovered  by  observations,  unless  they 
had  been  made  with  extreme  care  and  accuracy ;  and 
although  it  naturally  arises  from  the  combination  of 
the  two  causes  just  mentioned,  yet  as  it  was  never 
even  suggested  by  theorists,  until  it  was  discovered 
by ,  observation,  it  furnishes  us  with  one  of  the 
strongest  proofs  of  the  truth  of  the  Copernican 
system.  The  discovery  is  owing  to  the  accuracy 
and  ingenuity  of  the  late  Dr.  Bradley ^  astronomer 
royal  • ;  he  was  led  to  it  accidentally  by  the  result  of 
tome  careful  observations,  which  he  had  made  with 
a  view  of  determining  the  annual  parallax  of  the 
fixed  stars,  or  that  which  arises  from  the  motion  of 
the  earth  in  its  annual  orbit  about  the  sun. 

63 1 .  The  nature  of  this  apparent  motion  may  be 
explained  by  the  motion  of  a  line  parallel  to  itself, 
in  a  manner  bearing  a  near  affinity  to  the  explana- 

♦  The  history  of  this  discovery  is  related  by  the  doctor  himself  In 
No.  406  of  the  PhUoi.  Transact. ;  or  Abridgment^  yol.  IV.  p.  i  p. 
It  may  also  be  8e«n  in  Dr.  HuttotCs  Dictionary,  and  Mr.  l^inc^M 
jMrtmamy. 
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■  tions  of  the  composition  and  resolution  of  forces!  7 
thus,  since  light  has  a  progressive  motion,  let  the 
proportion  of  its  velocity  to  that  of  the  earth  in  her 
orbit,  be  as  the  line  BC  to  the  line  AC  (fig.  4,  PI.  IX.); 
then,  by  the  composition  of  these  two  motions,  the 
particle  of  light  will  seem  to  describe  the  Uiie  B  A 
or  D  C,  instead  of  its  real  course  B  C  ;  and  will  ap- 
pear in  the  direction  A B or  CD,  instead  of  its  true 
direction  C  B  ;  so  that  if  A  B  represent  a  tube  car* 
ricd  with  a  parallel  motion  by  an  observer  along 
the  line  A  C,  in  the  time  that  a  particle  of  light 
would  move  over  the  space  B  D,  the  different  places 
of  the  tube  being  A  B,  a  h,  c  d,  c  D  ;  when  ihe  t^e, 
or  end  of  the  tube  is  at  A,  let  a  particle  of  light  «V 
ler  the  other  end  at  B  ;  then  when  the  tube  is  at  a  h, 
that  particle  of  light  will  be  at  c,  exactly  in  the  axis 
of  the  tube ;  when  the  tube  is  in  the  position  c  J,  the 
particle  will  be  at  /i  still  in  the  axis  of  the  tube  ;  anil 
when  the  tube  arrives  at  C  D,  the  panicle  of  light 
will  arrive  at  the  point  C  the  place  of  the  eye,  and 
will  consequently  appear  as  though  it  came  in  the  di- 
rection D  C  of  the  iLibe,  instead  of  the  true  direction 
BC:  and  so  on,  one  particle  of  light  succeeding 
ainoiher,  and  forming  one  continued  ray  or  stream  of 
Ijght  in  the  apparent  direction  D  C.  So  that  the  ap- 
parent angle  made  by  the  ray  of  light  with  ^e  w 
A  E,  is  D  C  E,  instead  of  the  tru^  angle  S'CE :  Hat 
di^^ice  of  these  angles,  viz.  BCD,  or  A-B G, Si 
the  quantity  of  the  aberration. 

639.  Dr.  Hradhy  himself  conndered  dw  iniHtf 
in  the  following  maimer  :  He  imagkied  CA-^^-j^ 
PI.  IX.)  -to  be  a  ray  of  light  fd:l&ig'perpeadici»Tr 
upon  the  line  BB  :  then,  if  rfK  eye  were  ktMR  « 
A,  the  object  whence  the-  ray  proceeded  mast- 


in  the  direction  A  C,  whether  light  be  propagated  in 
time  or  in  an  instant.      But  if  the  eye  be  ta 
fromB  towards  A,  and  light  be  propagated  in 
with  a  velocity  that  is  to  the  veloaty  of  the<<9«i 
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A  C  to  AB;  then,  light  moving  from  C  to  A,  whilll 
the  eye  moves  from  B  to  A,  that  particle  of  it  by 
ivhich  the  object  will  be  discerned,  when  the  eye  in 
its  motion  comes  to  A,  is  at  C  when  the  eye  is  ar  B. 
Joining  the  points  B,  C,  he  supposed  the  line  B  C 
to  be  a  tube,  inclined  to  the  line  B  D  in  the  angle 
D  B  C,  and  of  such  a  diameter  as  to  admit  of  but 
one  particle  of  light :  then  it  was  easy  to  conceive, 
that  the  particle  of  light  at  C,  by  which  the  obj;.ct 
must  be  seen  when  the  eye  arrives  at  A,  would  pass 
through  the  tube  B  C,  so  inclined  to  the  line  B  D, 
accompanying  the  eye  in  its  motion  from  B  to  A;  and 
that  it  would  not  come  to  the  eye,  placed  behind  such  a 
tube,  if  it  had  any  other  inclination  to  the  line  B  D. 
If,  instead  of  supposing  B  C  so  small  a  tube,  we  con- 
ceive it  to  be  the  axis  of  a  larger;  then,  for  the  same 
reason,  the  particle  of  light  at  C  cannot  pats  through 
that  axis,  unless  it  be  inclined  to  B  D  in  the  same 
angle  D  B  C.  .  .  .  In  like  manner,  if  the  eye  move 
the  contrary  way,  from  D  towards  A,  with  the  same 
velocity ;  then  the  tube  must  be  inclined  in  the  angle 
B  D  C.     Although,  therefore,  the  true  or  real  place 
of  an  object  be  perpendicular  to  the  line  in  which 
the  eye  is  moving,  yet  the  visible  place  will  not  be  so ; 
since  that  must  doubtless  be  in  the  direction  of  the 
tube.     But  the  difference  between  the  true  and  ap. 
parent  place  will  be,  ca^teris  paribu.^j  greater  or  le:s, 
according  to  the  different  proportions  between  the 
velocity  of  light  and  that  of  the  eye :  so  that,  if  we 
could  suppose  light  to  be  propagated  in  an  instant, 
then  there  would  be  no  difference  between  the  real 
and  visible  place  of  an  object,  although  the  eye  were 
in  motion ;  for  in  that  case,  A  C  being  infinite  with 
respect  to  A  B,  the  angle  A  C  B,  which  is  the  dilT  r- 
ence  between  the  true  and  visible  place,  vanishes* 
But  as  light  is  propagated  in  time,  it  must  be  manifest* 
from  the  foreping  considerations,  that  there  will 
always  be  a  difference  between  the  true  and  visible 
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place  of  an  object,  except  when  the  eye  vi  mcfnng 
either  dvectly  tbwu^s  ot  from  it.  Ana  in  aU  caae^ 
the  sine  of'  the  diffa^ence  betxveen  the  true  and  mmUe 
place  of  the  object^  will  be  to  the  sine  of*  the  visible  in* 
tlinatiott  of  the  object  to  the  line  in  which  the  eye  is 
mming;  as  the  velocity  of  the  eye^  is  to  the  velocity 
of  light. 

63:i.  If  light  moved  only  loco  tnnes  £tster  than 
the  eye,  and  an  object,  supposed  to  be  at  an  infinite 
distance,  ttrere  really  placed  perpendicul^ly  over  die 
plane  in. which  the  eye^is  moving,  it  follows,  from 
what  has  been  said,  that  the  apparent  place  of  nuh 
object  would  always  be  inclined  to  that  plane  in  an 
angle  of  89^  56I';  so  that  it  would  constantly  appear 
^i' frt)m  its  true  place,  and  would  seem  so  much  less 
mclined  to  the  plane  that  way  towards  which  the  eje 
tended :  that  is,  if  A  C  be  to  A  B  or  A  D  as  looa 
to  I,  the  angle  ABC  will  be  89"^  56;',  the  angle 
ACB3i',  and  BCD,  or  2  AC  B,  will  be /,  if  ie 
diredion  of  the  motion  of  the  eye  be  contrary  at  one 
time  to  what  it  is  at  another, ...  If  the  earth  revolve 
about  the  sun  annually,  and  the  velocity  of  light  were 
to  that  of  the  earth  as  above  stated,  then  it  is  easy  to 
conceive  that  a  star,  really  placed  in  the  pole  of  the 
ecliptic,  would,  to  an  eye  carried  along  with  the  earth, 
seem  to  change  its  place  continually ;  and,  neglecting 
the  small  diiference  on  account  of  the  earth's  diimuu 
revolution  on  its  axis,  it  would  seem  to  describe  a 
circle  about  that  pole,  every-where  distant  fr'om  it 
by  3i'.  So  that  its  longitude  would  be  varied  through 
all  the  points  of  the  ecliptic  every  year,  but  its  latitude 
would  always  remain  the  same.  Its  right  ascension 
would  also  change,  and  its  declination,  according  to 
the  different  situation  of  the  sun  in  respect  of  the 
equinoctial  points;  and  its  apparent  distance  from 
the  north  pole  of  the  equator.  Would  be  7'  less  at  d^ 
autumnal  than  at  the  vernal  equinox.  The  greatest 
alteratipn  of  the  place  of  a  star  in  the  p<He  of  the 


Aberration  of  Light.  42 1 

cdiptic,  or,  which  in  effect  amounts  to  the  same,  the 
proportion  between  the  velocity  of  light  and  the 
earth's  motion  in  its  orbit,  being  known,  it  will  not 
be  difficult  to  find  what  would  be  the  difference,  on 
this  account,  between  the  true  and  apparent  place  of 
any  other  star,  at  any  time ;  and,  on  the  contrary, 
the  difference  between  the  true  and  apparent  place 
being  given,  the  proportion  between  the  velocity  of 
light,  and  the  earth's  motion  in  her  orbit,  may  be 
found. 

6*34.  In  nearly  the  above  terms,  the  aberration  is 
accounted  for  by  Dr.  Bradley.  He  also  relates  the 
result  of  a  number  of  observations,  from  which  he 
found,  that  every  star  appeared  to  describe  a  small 
ellipsis  in  the  heavens,  the  transvere  axis  of  which  is 
nearly  equal  to  40'';  and  from  this. greatest  variation 
in  the  place  of  the  stars,  he  deduces  the  ratio  of  the 
velocity  of  light  to  that  of  the  earth  in  her  orbit,  sup- 
posing both  to  be  uniform,  thus :  in  the  figure  last 
referred  to,  A  C  is  to  A  B,  as  the  velocity  of  light,  to 
that  of  the  earth  in  her  orbit,  and  the  angle  A  C  B  is 
CLof ;  $0  that  the  ratio  of  those  velocities,  is  that  of 
radius  to  the  tangent  of  20^',  or  (since  the  tangent 
has  jio  sensible  difference  from  so  small  an  arc),  as 
radius  to  20^'' :  but  the  radius  of  a  circle  is  equal  to 
an  arc  of  571^*"  nearly,  or  equal  to  206260'^ ;  there- 
fore the  velocity  of  light  is  to  that  of  the  earth,  as 
206260  to  20,  or  as  1 03 1 3  to  i.  Hence  the  time  in 
which  light  will  pass  from  the  sun  to  the  earth  was 
easily  deduced  :  for  this  time  is  to  one  year,  as  A  B 
or  20^^  to  360^,  or  the  whole  circle ;  that  is,  360^  : 
20^  :  :  365T**  :  S'"  7* ;  therefore  it  appears,  from  this' 
discovery  of  Dr.  Bra(l/ej/\  that  light  passes  from 
the  sun  to  the  earth  in  8  minutes  7  seconds  :  thus 
confirming,  in  a  very  satisfactory  manner,  the  con- 
clusion of  M.  Rocmcr  CArt.  509.  )>  deduced  from  ob- 
^rvations  of  a  totally  different  kind. 

i>^^.  The  effects  of  aberration  in  different  circum- 
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btance^  may  be  shewn^  and  the  nature  of  the  Cdtob^ 
tions  explained,  as  in  the  subsequent  articles,  let 
T  L  <^l  ^fig:  6.  PL  IX.)  be  an  indefinitely  great  cfirde^ 


tepresentmg  the  ecliptic,  with  the  sun  at  iti  tentre 
;  Pits  pole}  C B F D the  earth's orKt j  OPEt'a 
circle  of  latitude,  passing  through  any  star^ 


S 
ci 

mining  the  longitude  in  T,  and  the  latitode  TE» 
Let  T  QJbe  the  intersection  of  the  plane  of  this  drde 
of  latitude  with  the  plane  of  the  ecliptic.  SuppJdie 
the  earth's  place  to  be  first  in  C,  and  conseqnattlf 
when  the  star  is  in  conjunction  .with  the  sun ;  now 
having  joined  C  E,  and  drawn  the  tangent  C  c,  ^MA 
is  perpendicular  to  the  plane  of  the  arcle  df  la^tiA 
T  F  (^  say,  as  the  velocity  of  li^ht,  to  that  of  Afc 
earth  ( or$  as  radius,  to  3o%  or  to  the  tangent  of  iff) ; 
so  is  C  £,  to  C  r.  The  length  of  C  c  bcang  thus  de- 
termined, and  the  parallelogram  E  C  cAr  constmcteit 
the  point  A  is  the  place  in  die  heavens  where  the  iflh 
|>rebsion  of  the  light  will  occasion  the  star  to  appear, 
and  the  celestial  arc  £ k  is  the  stars  aberraim* 
From  a  like  construction,  made  for  every  point  rf 
the  earth's  orbit,  by  applying  a  mode  of  reasoning 
nearly  similar  to  what  was  adopted  in  the  chapter  on 
apparent  motions  (Chap.  IX.),  we  may  make  the  fol- 
lowing deductions : 

6:i6.  I.  Supposing  the  earth's  orbit  circular,  and 
her  motion  unifo.m,  as  well  as  that  of  light,  then 
all  the  apparent  places  of  the  same  star  must  be 
in  a  circle,  whose  centre  is  the  star's  true  place, 
and  whose  plane  is  parallel  to  the  ecliptic :  conse- 
quently the  projection  of  this  circle  in  the  heavens 
is  an  ellipsis  whose  greater  a.vh  is  parallel  to  the 
plane  oj  the  ecliptic  (Art.  235.),  its  less  axis  perpenfi* 
ciilar  to  that  plane^  and  the  former  to  the  latter  in 
proportion  as  radius  to  the  sine  of  the  stars  /</• 
titude. 

637*  n.  The  plane  of  a  star's  parallelognm  of 
aberration,  being  determined  by  the  star  and  by  the 
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position  of  a  tangent  to  every  successive  place  of  the 
earth  in  her  orbit,  changes  its  situation  every  instant, 
and  completes  a  revolution  in  a  year :  and  because 
of  the  almost  infinite  distance  of  the  stars  (Art.  683.) 
from  the  sun  and  earth,  the  point  S  may  be  taken  as 
the  earth's  orbit,  and  the  plane  of  the  angle  of  aber« 
ration  may  be  supposed  to  turn  on  the  right  line 
£S,  drawn  from  the  star  to  the  sun,  in  the  same 
manner  as  the  earth  moves  about  the  sun. 

638.  III.  When  the  plane  of  the  parallelogram  of 
aberration  is  become  perpendicular  to  the  plane  T  P  Q^ 
of  the  circle  of  latitude,  which  happens  in  the  fyzi^^y^ 
because  the  tangent  C  c  is  then  perpendicular  to  that 
plane,  the  angle  of  aberration  is  not  in  the  plane 
T  P  C^  nor  is  there  then  any  aberration  in  latitude : 
for  this  angle  being  measured  by  the  line  E  k  parallel 
to  the  ecliptic,  and  perpendicular  to  the  plane  T  P  Q^ 
Tand  is  half  the  greater  axis  of  the  elipsis),  it  is  there- 
fore the  arc  of  a  small  circle  parallel  to  the  ecliptic, 
and  passing  through  the  star's  true  place :  then  the 
aberration  is  all  in  longitude y  and  is  ^  i}ULvi)nu))}. 
But  when  the  plane  of  the  angle  of  aberration  coin- 
cides with  the  plane  T  P  Q^( which  happens  when  the 
earth  has  run  through  90^  from  the  syzygy,  and 
consequently  where  the  star  is  in  (jiiadrature  with 
the  sun),  the  angle  of  aberration  then  is  wholli/  in  la- 
titude ;  and  the  star  being  at  the  extremity  of  the 
minor  axis  of  its  ellipse,  the  aberration  in  latitude  is 
a  tnadimunij  but  it  is  evidently  nothing  in  longitude. 
In  other  positions  of  the  plane  of  this  angle,  the 
aberration  is  divided,  partly  in  longitude  and  partly 
in  latitude,  much  in  the  same  way  as  a  force  obhquc 
to  a  plane.  When  the  star  is  in  conjunction,  its  ap- 
parent place,  reduced  to  the  eclipdc,  will  diminish 
the  longitude ;  but  when  it  is  in  opposition,  its  ap- 
parent place  by  aberration  increases  the  longitude : 
hence  the  lons^itudc  is  the  i^rcateat  when  the  star  is  in 
opposition^  and  least  when  in  conjunction^    As  to  tha 
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laiitin/e,  tt  is  kast  in  quadrature  hefare  oppositional 
and  greatest  in  the  qusdrature  aftfi: 

G.-^fl.  If  a  circle  of  declination  R  V  X  be  concaved 
to  pass  through  the  star  E,  consequently  crossing  Us 
ellipsis  of  aberration  by  passing  through  tlie  ceolre ; 
11  is  manifest  that  when  a  star  appears  at  the  points 
where  that  circle  intersects  the  elhpsis,  it  will  have  no 
aberration  in  ri!:/ii  ascension,  since  its  true  and  zp- 
parent  place  will  be  in  the  same  circle  of  declination ; 
and  when  the  star  is  in  the  points  where  its  ellipsis  of 
aberration  is  intersected  by  a  diameter  perpendicular  to 
the  circle  R  V  X,  it  will  h.s.ve  iiu  aberration  in  declttuh 
tion,  because  its  true  and  apparent  place  will  be  In  the 
same  parallel  to  the  equator.  But  all  circles  of  d& 
clination  being  oblique  to  the  ecliptic,  the  star  does 
not  pass  from  the  term  of  no  aberration  in  right  asccn* 
sion,  to  that  of  no  aberration  in  declination,  in  tht 
time  the  earth  describes  go"  of  her  orbit;  conse* 
quently  the  aberration  is  not  absolutely  nothing  in 
declination  when  it  is  greatest  in  right  ascension  ;  and 
reciprocally. 

6'40.  The  aberrations  of  a  star  for  a  given  instant 
maybe  readily  determined  thus:  In  a  circle  dktrf 
(fig-  7*  Pl-  IX. )  let  an  horizontal  diameter  d  6  repn- 
sent  that  portion  of  a  parallel  to  the  ecliptic,  in  die 

'  midst  of  which  at  £  is  the  star's  true  place ;  and  let 
the  vertical  diameter  kf  represent  a  portion  of  in 
circle  of  latitude.    Now,  beginning  at  the  poiitt  £i 

' divide  the  radii  Ed,  E  £,  into  as  many  equal  pai% 
or  seconds,  as  are  found  by  this  analogy  ;  a*  ctMOK 
of  the  star's  latitude^  to  radius  \  so  are  zt/,  to  tkt 
number  sought :  for  the  arcs  £  (/,  Y.  b,  of  the  smifl 
circle,  will  thereby  be  divided  into  the  number  of  apt 
conds  they  contain.  Divide  thf  radii  £  k^  '^J\  intt 
parts  of  20"  each,  because  they  are  arcs  of  a  malt 
circle :  also  divide  the  circumference  of  the  arcle 
into  signs  and  degrees,  making  the  point  d  answer 
to  the  Mar's  longitude :  write  ;he  signt  la  (hejr  qt^^ 


Aberration  of  Lights  425 

going  from  right  to  left  in  the  upper  part  of  the  cir- 
cle, and  makmg  d  mark  the  west,  b  the  east,  k  the 
north,  J   the  south.     In  E  /r,  take  E  C  to  E  A,  as 
the  sine  of  the  star's  latitude  is  to  radius  ;  and  on  the 
axes  A  I.,  CD,  describe  the  ellipsis  bCuDj  which 
-will  evidemly  be  the  projection  of  the  star's  circle  of 
aberration.     Suppose,  now,  that  this  ellipsis  is  made 
for  a  star  whose  longitude  is  1 2**  in  « ,  and  latitude 
36**  north,  the  sun  being  at  the  given  instant  in  14° 
i»R.     From  the  point  7//,  answering  to  the  sun's  place 
on  the  circle,  draw  m  N  perpendicular  to  b  r/,  and 
the  point  M  of  the  ellipsis  is  v,upon  the  known  prin* 
ciples  of  projection)  the  star's  apparent  place  :  then 
MP,  or  N E  its  eaual,  perpendicular  to  C D,  is  the 
aberration  in  longitude,  or  the  quantity  of  seconds 
the  star  appears  more  to  the  east  than  it  really  is ;  and 
M  N  IT  E  P  is  the  star's  aberration  in  latitude.    From 
this  construction  we  may  easily  deduce  the  following 
rules:  the  cont/Jiual product  of  20^,  the  sine  of  the 
star's  latitude  (to.  radius  jj,  and  the  sine  of  the 
tartlifs  distance  from  the  syzygi/^  is  the  aberration  in 
latitude 'y  and,  the  product  0/  ao^,  into  the  co-sinc  of 
the  earth* s  distance  from  syzygyj  divided  by  the  cc^ 
sine  of  the  star's  latitude^  is  the  aberration  in  lo?:^ 
gituae* 

64 1  •  To  find  the  aberration  in  right  ascension  and 
declination^  we  must  first  determine  the  situation  of 
the  star's  circle  of  declination  with  respect  to  its  cir- 
cle of  latitude :  to  accomplish  which,  let  7n  (fig.  4, 
PL  IL)  be  the  star's  true  place  in  the  heavens,  E  (>^ 
the  ecliptic,  N  and  S  its  poles,  H  R  the  equator,  7. 
and  A  its  poles,  H  Z  R  A  the  solstitial  colure ;  then, 
taking  the  instance  mentioned  in  the  last  article,  /;  m 
will  be  the  star's  latitude,  and  tw  N  =  54^  the  com- 
plement of  the  latitude,  the  arc  E  />  or  angle  Z  N  ;// 
IS  48**,  being  the  nearest  distance  of  12^  in  «  to  the 
solstitial  colure.  and  ZN  ==  23^  28',  the  obliquity 
of  the  ecliptic  to  the  ec|uator,  or  the  distance  of  ilv- 
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poles  of  those  two  circles ;  hence^  knowing  the  two 
sides  m  N,  N  Z,  of  the  oblique  spherical  triangle 
m  N  Z9  and  their  included  angle,  we  find  mX=f  41^, 
the  complement  of  the  star's  declination,  and  Z  in  N 
e»  26^  Scfj  the  quantity  which  the  north  part  i«  Z  of 
the  star's  circle  (^  decimation  is  to  the  east  of  its  di* 
cle  of  latitude  p  N.  Therefore,  draw  the  diameter 
F  G  (fig.  7,  PI.  IX.%  making  to  the  east  of  £  ifc  Ae 
angle  /r  £  F  =  26^  50^,  this  will  represent  the  star's 
circle  of  declination ;  let  its  radii  £ F,  EG,  be ifr 
vided  into  parts  of  20^  each  ;  draw  perpendicularij  ID 
F  G .  the  diameter  I H,  representing  a  portioft  of  the 
parallel  to  the  equator  passing  through  the  star ;  dw 
radii  £  I,  £  H,  of  which  must  be  divided  into  as 
many  seconds  as  are*  found  by  this  analogy,  m  ohum 
ef  the  starts  declination ^  to  raditis ;  so  are  iio^,  to  tie 
number  bought ;  this  will^  in  the  present  case,  be  $Ojfp 
Then,  drawing  M  L,  M O,  respecdvelv  perpeniUcuhr 
to  F  G,  I H,  we  have  E  C|^=:  M  L,  tor  the  measure 
of  the  abcrratmi  in  right  ascension ;  and  £  L  = 
M  (^  for  that  of  the  aberration  in  declination^ 

a^-^i.  As  it  is  frequently  necessary  in  practical  as* 
tronomy  to  calculate  the  aberrations  m  right  ascensioa 
and  declination^  we  add  the  following  rules  for  this 
purpose* : 

For  the  right  ascaision.  Seek,  in  the  astrono- 
mical tables,  that  point  of  the  ecliptic  which  corre- 
sponds to  the  point  of  the  equator  marked  by  the 
right  ascension  of  the  star ;  this  point  (which  call  N) 
is  always  that  wherein  the  sun  being  found,  the  aber- 
ration makes  the  apparent  right  ascension  the  least: 
take,  in  the  same  taljles,  the  angle  made  by  the  ecliptic 
and  a  meridian  passing  through  that  point  N ;  and 

*  The  demonstration  of  these  rules  may  be  seen  in  Mr.  5isa|MM*« 
Tjusaifs;  also  in  the  Mnnoirs  of  the  Uityal  Acadcmif  ofScUncest  fi»r 
1737,  and  1746,  where  the  siibjcct  of  aberration  is  treated  upon  in 
a  very  able  manner  by  M.  Cla'uaitt,  The  subject  is  also  veiy  in- 
geniously discussed  in  Im  Ixindcii  4^fronowy,  vol,  III.  p.  J7j — ^aio* 
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say,  09  the  product  of  the  radius  into  the  co-s'iue  of 
the  star's  dedlnal'ion^  is  tu  the  proflint  of  the  cc-si/w 
of  the  sun'x  dtntfiiicc  jrnm  the  point  N,  into  the  simt 
e/"  the  ani^te  betnecn  the  ecliptic  and  meridian  of  N ; 
xo  arc  ao*,  to  the  uherration  in  rii(ht  a-sre/txioi/,  which 
is  additive  or  subiractive,  according  to  the  position  of 
the  sun  with  respect  to  the  point  N. 

64J.  For  the  U-Tliimtion.  Take  from  (he  tables 
the  declination  of  the  point  N,  and  say,  as  the  taniroit 
of  the  sum  of  the  dcclii:alions  'J'  the  .-tar  and  the 
ponit  N  (if  of  different  names),  or  nf  their  dijfereme 
(if  of  the  same  name),  ta  lo  (he  eu-unc  of  the  star'g 
riiiht  ascension  ;  sii  is  the  sine  of  the  obligiiifi/  of  the 
ecliptic,  to  the  Cfi-langent  of  an  arc^  'which  in  the  di-i- 
ttitice  hetu'cen  the  point  N  in  the  cdiptic^  ■where 
the  aherratifiu  in  ri^hl  ascenvion  makes  (his  r/s^hl 
ascension  the  teaxf,  ami  that  poiiK  t_T)  of  the  eclipdc 
inwhich  tficsnn  isjmiml  tchai  the  aberration  in  de- 
clination caii-'ts  the  dixUnalinii  to  be  the  least. 

The  point  T  is  obtained,  by  subtracting  the  arc 
found  from  the  place  of  N,  if  the  right  ascension  of 
the  star  is  proceeding  o°  to  go°,  with  south  latitude 
and  north  declination;  or  from  i8o°  to  270°  with 
*north  latitude  and  south  declination:  but,  if  the  de- 
chnation  and  latitude  be  both  north,  and  the  right  as- 
cension is  between  270°  and  90"  ;  or  between  90*^  and 
370°,  having  latitude  and  declination  both  south  ; 
then  T  is  found  by  aihhng  this  arc  to  the  place  of  N, 
On  the  contrary,  the  suppleiiu'iit  of  the  said  arc  from 
the  place  N  must  be  siihirarlcd,  if  the  liglit  ascen- 
sion is  between  90"  and  iSo"  with  south  latitude  and 
north  declination  j  or  between  270°  and  360°  with  - 
north  latitude  and  south  declination :  or,  the  sup- 
ptemnit  of  this  arc  fiom  the  place  N,  must  be  added, 
if  the  right  ascension  is  between  270°  and  go%  with 
latitude  and  declination  both  south  ;  or  between  50"* 
and  270",  with  latitude  and  declination  both  north. 
'I'hen  say,  as  the  product  oj  the  radius  into  the 
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sine  of  the  distance  NT,  is  to  the  product  * 
co-sinc  of  the  sun's  distance  J }-um  the  point  T,  /«tt  ' 
the  sine  of  the  suin^  or  di()erence^  of  the  declinatiom 
of  the  star  and  point  N;  so  arc  zo",  tn  the  aberra- 
iion  in  dedimiliim:  which  is  easily  applied  to  the  true 
decUtiation  of  the  star,  according  to  its  situation  ia 
regard  to  the  sun. 

,  644.  It  will  be  manifest,  from  the  preceding  ac- 
count of  aberration,  that  even  with  respect  to  the 
planets,  it  may  produce  etfecrs  which  are  not  entirely 
lo  be  disregarded".  A  planet,  considered  as  afFecicd 
by  aberration,  appears  in  the  place  where  it  should 
have  appeared  at  that  instant  which  precedes  the  time 
of  observation,  by  the  interval  of  lime  occupied  by 
light  in  pasang  ironi  the  planet  to  the  earth.  lit 
the  sun,  the  aberrarion  in  longitude  is  constantly  ac', 
that  being  the  space  moved  by  the  sun,  or  rather  by 
the  earth,  in  the  space  of  S'"  7',  which  is  the  rime 
employed  by  light  in  passing  from  the  sun  to  the 
earth.  And,  knowing  pretty  nearly  the  distance  of 
p  planet  from  the  earth  at  any  time,  we  shall  have,  at 
the  distance  (if  (he  sun.  tu  that  of  the  planet ;  w 
arc  8™  7'  to  the  time  of  fight  pax.'^inii  from  t/ie  sun 
to  the  earth  :  then,  computing  the  planet's  geocentric 
viotian  in  this  time,  in  {nngitudCf  iatitude^  right  (U* 
cension,  or  declination,  it  will  be  the  planet's  ahernh 
tion,  for  whichever  of  these  the  geocentric  motion  wai 
calculated  ;  and  it  will  be  subtractire  or  additrcc,  aca 
cording  as  the  planet's  morion  is  direct  or  retr^" 
grade. 

6i^.   It  is  evident  that   the  aberrarion  vill  be 

*  A  quantity  of  aberration  is  oecasiored  by  the  diurnal  toutk^ 
of  the  earlh,  but  whether  u-l-  consider  it  with  retpect  to  the  iodi 
planets,  or  fised  stars,  it  is  too  small  to  be  pcrcnitible  :  for,  in  tht 
ipace  oif  eight  miniiloa,  a  point  on  the  earth's  iatfaix  ntorea  tbm^ 
31'  of  a  degree  ;  and  since  small  optie  angles  are  nearly  u  tbe  dif 
mrten  they  liubiend,  it  is,  as  radius  :  sine  js': :  S'";;  (anil's  Mt 
X^Uzi) :  4-  '86,  the  maiimiun  of  aberniion  froip  ttuB  caujt. 
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greatest  in  the  longitude,  and  very  small  in  latitude, 
because  the  planets  deviate  in  a  very  small  degree  from 
the  plane  of  the  ecliptic,  or  path  of  the  earth ;  on 
this  account,  the  aberration  in  the  latitudes  of  the 
planets  is  commonly  neglected  as  nearly  insensible  ; 
the  greatest  in  mercury  being  only  43^,  and  it  is 
considerably  less  than  this  in  the  other  planets.  As  to 
the  aberrations  in  declination  and  right  ascension, 
they  must  depend  on  the  position  of  the  planet  in  the 
zodiac.  The  aberration  in  longitude,  being  deter- 
mined by  the  geocentric  motion,  will  be  nothing  at 
all  when  the  planet  is  stationary ;  and  greatest,  in  the 
sKperiour  planets  when  they  are  in  oppositimi  to  the 
iiun,  but  in  the  injcnour  planets  when  they  are  in 
their  supcriour  conjunction.  These  maxima  of  aber- 
ration for  the  several  planets,  when  their  distance 
from  the  sun  is  least,  are  as  follow :  georgium  sidus^ 
a^^^i  sat  urn  J  2f^ -^  jnplter^  29*^8;  mars^  37 ''8; 
venusy  4y^^2  ;  mercuri/,  $g" :  the  moony  \^.  Be- 
tween these  quantities  and  nothing  the  aberrations  in 
longitude,  of  the  respective  planets,  vary  according 
to  their  situations.  And  as  to  the  aberration  of  the 
sun,  in  longitude,  although  it  varies  not  (as  before 
observed),  yet  it  causes  a  variation  in  the  aberration  in 
declination,  which  is  greatest  {about  8^)  at  the  equi- 
noxes, where  the  sun's  motion  is  most  inclined  to 
the  equator;  and  is  least  (or  absolutely  nothing)  iu 
the  solstices,  where  the  sun's  motion  in  the  ecliptic  is 
for  a  short  time  parallel  to  the  equator.  From  what 
is  here  shewn  respecting  the  aberrations  of  the  planets, 
it  follows,  that  where  great  accuracy  is  required,  they 
must  be  attended  to  in  calculating  the  times  of  tran- 
^ts  and  other  celestial  appearances*. 

•  Dr.  Bradley,  by  his  continued  observations  on  the  stars,  per- 
ceived each  year  the  period  of  the  aberrations  confirmed,  according 
to  the  rules  he  had  lately  discovered :  but  besides  this„  he  found 
from  year  to  year  other  diticrenccs,  the  consideration  of  which  led 
him  to  another  brilliant  discovery,  that  of  the  nutation  of  the  carth\ 
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ti46.  Scholium.  The  aberration  of  light  has  b««tt 
considered  by  some  philosophers,  in  a  manner  rather 
different  from  that  of  Dr.  Bruil/ei/.  About  the  vear 
1767,  Mr.  Patrick  //  Mvo;/,  assistant  professor  ot  as* 
tionoiny  at  Glasgow,  entenained  an  idea  that  the  aber- 
ration of  the  fixed  stars  indicated  liic  proportion  be- 
tween the  orbital  velocity  of  the  earth,  and  the  velo- 
city  of  light  hi  the  vilreuux  liinmnr  of  the  etfi:  This 
opinion  soon  led  him  into  various  discussions,  and  in 
fsuticular,  made  him  suppose,  that  the  aberration  trf 
the  fixed  stars,  when  determined  by  obsen'ations 
tnade  with  a  telescope  I'llhil  uilh  -ui/tcr,  would  be  dif- 
ferent from  the  aberration  ascertained  by  cbscrvationi 
with  a  common  telescope.  About  the  year  1775, 
Mr.  //  'iho»  felt  inclined  to  embrace  an  opinion  (whidi 
has  been  started  by  various  ingenious  men  at  differ- 
enl  times),  that  the  centre  of  the  solar  system  was  in 
motion,  and  in  1777,  communicated  to  Mr.  ProitJaor 

9li*.  Th'ia  nutation  isaliind  of  libmtuiy  moUon'of  theearlV»uii, 
bjr  which  ils  inclinalion  to  the  plane  of  the  ecliptic  is  contioiullf 
vaiyiiig  backwanii  and  furwardd,  by  a  small  number  of  s^couk. 
The  whole  extent  of  this  change  in  the  inclination  of  the  aiis.  or, 
whichiia.coiisequenccof  it,  in  the  apparent  decltnationof  tbeftn^ 
b  about  19",  and  the  period  of  Ihe  change  is  little  more  thao  mw 
yean;  or,  the  spaceof  lime  from  itsscttingout  from  any  pointiBd 
returning  to  the  same  again,  about  eighteen  years  and  leven  mosih^ 
being  the  same  a»  the  p<^^rio()  of  the  moan's  nutions  ;  on  which,  b- 
^ced,  it  chiefly  depends  :  being  the  effect  of  the  inequalitiei  of  Ihi 
joint  action  of^  the  sim  and  moon  upon  the  spheroidal  figure  of  tb* 
earth,  by  which  its  axis  is  made  to  revolve  with  a  conical  laatiim, 
so  that  iheextremity  of  it  dL-^ribcs  a  small  cllijisli,  havii^  iUifi*- 
fncteis  i9'''i  and  14'''3>  each  revolution  being  perlonned  in  ite 
time  above  mealioncd.  lliis  is  a  natural  conscqueuce  of  the  New- 
tonian system  of  univcr^l  attraction,  and  hjd  been  hinted  at  If 
some,  ever  since  the  fiublieatiori  of  the  J'rincipia ;  but  (or  Dr. 
Bradlfy  was  reserved  the  honour  of  establishing  the  fact,  and  thM 
confirming  {in  a  manner  beyond  controversy)  the  truth  of  the  priB* 
ciples  which  Nemtun  bad  laid  down. 

For  more  on  the  subject  of  nutation,  see  PMIoi.  Tra^uKtimi, 
1748;  Vr.  Matkelgne'i  Astronomical Obarrcatiuiu,  1776;  I/Jim' 
Urt  RecienAa  lur  la  I'rtccmiaa  lUt  Etpwioxa  ;  and  Ztf  Ltmit't  Jf 
trmantf,  vol.  HI.  p.  2 10 — aa6. 
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RcAueOj  and  otiiers,  a  paper  an  this  subject.  The 
watelvtelescope  had,  by  this  dme,  become  familiar  to 
his  dhoogfats ;  and  it  occurred  to  him,  that  it  might 
be  employed  for  deciding  this  important  ^estion,  and 
even  ^idetei  mining  the  direction  and  velocity  of  this 
RMtion,  iiy  means  of  the  difference  between  the  ob- 
served aberxation  of  the  fixed  stars,^  and  the  aber- 
ration ndiicfa  should  result  from  the  earth's  orbital 
motion  alone.  But  various  objections  and  difficulties 
occurred  in  the  prosecution  of  this  attempt ;  and  Mr* 
ll^i/.v(7ii  soon  after  thought  of  ailiflferent  method,  which 
as  it  may,  peirlu^s,  at  some  future  period,  lead  to 
Che  discovery  of  some  terrestrial  or  celestial  motions 
wdk  which  we  are  at  present  unacquainted,  is  here 
€tescrfl>ed. 

If  the  earth  be  carried  towards  a  fixed  star,  with  a 
great  velocity,  and  the  rays  from  the  star  be  made  to 
deviate  a  little  by  an  achromatic  prism,  it  will  follow, 
that  a  constant  angle  of  incidence  will  give  different 
angles  of  total  deviation,  according  to  the  velocity  of 
the  motion,  and  this  difference  will  be  both  real  and 
apparent.  Therefore,  i .  Let  the  telescope  of  a  meri- 
dional quadrant  be  furnished  with  a  prism,  refracting 
a  few  degrees  in  altitude ;  then  search,  by  meridional 
observations,  for  such  stars  as  exhibit  altitudes  incon- 
sistent with  Dr.  Jira(Ucj/'s  observations  ;  the  differ- 
ences will  indicate  an  aberration  caused  by  a  motion  of 
the  earth,  different  from  its  orbital  motion  round  the 
sun :  if,  after  the  variations  occasioned  by  nutation 
(Art.  645.  fioic)  are  allowed  for,  there  still  remain 
some  number  of  seconds,  or  parts,  they  will  indicate 
some  motion  of  the  earth  of  which  we  have,  as  yet, 
no  knowledge. 

2.  Furnish  a  telescope  with  a  plain  mirrour,  in- 
clined to  its  axis  in  an  angle  of  45^,  and  a  series  of 
achromatic  prisms  refracting  90^.  Suppose  the  tele- 
scope to  be  directed  to  a  point  of  the  heavens  90^ 
distant  from  a  star  which  is  viewed  through  it :  sup- 
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pose  also,  the  earth  to  be  at  rest,  and  the  images  of 
this  star,  formed  by  thu  refracted  and  by  the  reflect- 
ed light,  to  coincide :  then  suppose  the  earth  to  be 
in  motion  towards  this  star ;  the  images  will  sepa- 
rate, both  on  account  of  a  change  in  the  total  de- 
viation of  the  refracted  li^ht.  and  likewise  on  ac- 
count of  a  transverse  abeiraton,  to  which  the  re- 
fracted image  is  liable,  by  the  motion  of  the  tele- 
scope. 

3.  if  a  long  achromatic  telescope  be  directed  (O 
a  fixed  star,  towards  which  the  earth  is  moving,  the 
foca!  distance  will  be  lengthened;  and  the  contrary. 
The  augmemation  may  indeed  be  very  small,  but  an 
observer,  well  acquainted  with  optics,  will,  oa  a  Utile 
consideration,  be  able  to  apply  such  means  of  in- 
creasing it,  as  ro  render  it  sensible. 


% 
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CHAPTER   XXIIL 


On  the  Latitude  and  Longitude^ 


Art.  647.  BECAUSE  the  latitudes  and  longi- 
tudes of  most  of  the  prmcipai  places  in  this  kingdom 
are  determined  tsrith  tolerable  accuracy,  they  have 
been  assumed  as  known  in  many  of  the  discussion  i^ 
in  the  preceding  part  of  this  treatise :  but  as  there  are 
many  places  upon  the  earth,  and  indeed  in  England, 
respecting  which  these  particulars  are  not  ascertained, 
the  determination  of  them  is  of  considerable  import^ 
ance  to  geography  and  navigation  as  well  as  astro- 
nomy ;  various  methods  of  finding  each  are,  there- 
fore, here  explained. 

648.  Since  the  latitude  of  a  place  on  the  earth,  h 
its  distance  from  the  equator,  measured  on  an  arc  of 
the  meridian  passing  through  it  (Art.  19.),  the  most 
simple  method  of  determinmg  the  latitude  is,  to  take 
the  meridian  altitude  of  the  sun's  centre,  when  it  is 
in  the  equator  (i.  e.  in  the  first  point  of  Aries  or  Li- 
bra), or  the  meridian  altitude  of  a  star  which  has  no 
declination ;  then  the  complement  of  the  meridian 
altitude  is  equal  to  the  latitude  of  the  place.  For,  in 
fig.  7,  PI.  I.  if  H  R  represent  the  horizon,  E  Q^ihe 
equator,  Z  the  zenith  of  the  place,  Z  H  A  R  the  me- 
ridian ;  the  latitude  of  the  place  will  be  £  Z,  and  this 
is  manifestly  equal  to  the  complement  of  H  £,  the 
altitude  of  the  equator.  In  this  method,  and  like- 
vite  in  the  following  ones,  the  proper  allowances 

J?  F 
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must  be  made  for  refraction,  dip  of  the  horizon  (Art# 
68o.>,  and  the  sun's  semidiameter,  when  the  altitude 
of  either  its  upper  or  lower  limb  is  taken. 

64J^.  But,  since  the  sun  is  in  the  equator  only  oil 
two  days  in  the  year  (and  then,  perhaps,  not  exactly 
at  noon},  and  there  are  very  few  stars  in  the  equator 
upon  which  observations  can  be  made  i  we  may  more 
generally  find  the  latitude  by  means  of  the  correct 
zenith  distance  of  the  sun's  centre,  when  on  the  me- 
ridian, its  declination  being  known ;  or  the  correct 
zenith  distance  when  on  the  meridian  of  any  star 
whose  declination  is  known :  for,  if  the  zenith  dis- 
tance and  declination  are  both  fiorth^  or  both  soufhy 
add  them  together ;  but  if  of?c  be  fwrth^  and  the  other 
Jbuthj  ,shI) tract  the  less  from  the  greater,  and  the 
sum  or  difference  will  be  the  latitude,  of  the  same 
name  with  the  greater.  The  truth  of  this  rule  may 
be  shewn  by  referring  to  fig.  7,  PI.  I.  where  H  R, 
EQ,  and  Z,  represent  as  in  the  last  article:  then, 
1st,  when  the  zenith  distance  and  declination  are  both 
north,  or  both  south,  let  a  be  the  place  of  the  sun, 
or  star,  on  the  meridian,  and  IE. a  its  declination;  a'L 
4-  ^/E  zi  EZ  the  latitude:  2J!y,  when  the  zenith 
distance  and  declination  is  one  north,  the  other  south; 
if  the  zenith  distance  be  greater,  let  c  be  t!u:  place  of 
the  sun,  or  star,  on  the  meridian,  then  r  Z  <^its  zenith 
distance^ —  r\\  (its  declination)  zz  E  Z  the  latitude; 
but  if  the  declination  be  greater  than  the  zenith  dis- 
tance, as  whc?i  the  star  is  at  //,  then  E  //  (the declina- 
tion) —  'Lif  (the  zenith  distance)  =  E  Z  the  lati' 
tude. 

The  latitude  mav  be  found  in  a  similar  manner, 
from  the  observed  meridional  altitude  of  the  moon^i 
upper  or  lower  limb ;  but  farther  corrections  will  be 
necessary  for  the  moon's  parallax,  and  her  altitude, 
and  great  care  must  be  used  to  obtain  the  declinatioD 
accurately. 

650.  The  latitude  may  be  found  very  readily  by 
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observations  upon  a  drcumpolzr  star,  vfaen  en  the 
meridian  both  above  and  below  the  pole  ;  for  hcli  the 
sum  of  the  two  meridian  altitudes  will  be  equal  to  'he 
latitude.  Thus,  let  ^  r  tfig  7,  H.  L)  be  the  par^ilei 
of  declination  in  which  the  star  appears  to  move,  y 
the  star's  place  when  on  the  meridian  above  the  pcle 
N,  z  its  place  below  the  pole ;  then  R  j(  +  R  >=  = 
RN+Ny  +  RN  — N;:  .=  Nj^;=  2RX,  and 

consequently  --^-^ — ?  =:  R  N  =  E  Z  the  latitude. 

65 1 .  It  may  sometimes  happen  that  the  latitude  of 
a  place  may  be  required,  when  some  particular  cir- 
cumstances prevent  the  adoption  of  either  of  the  pre- 
ceding methods :  in  such  cases,  other  methods  may 
be  had  recourse  to,  a  few  of  which  we  shall  explaia 
by  examples,  as  below : 

Suppose  that  in  a  certain  northern  latitude  the 
^un*6  azimuth  J  at  */.r  0^  clock  in  the  mornings  rras  ob^ 
served  to  be  13^  10'  from  the  east  northward^  and 
that  the  sun  wan  due  east^  at  7^  6*"  the  same  morning) 
what  was  the  real  latitude  of  the  place  of  ob^^tr^ 
vation  ? 

In  fig.  4,  PI.  n.  where  a  b  represents  the  parallel 
in  whicn  the  sun  appears  to  move,  e  will  be  his  place 
at  six  o'clock,  w  his  place  when  due  east,  and  the  an« 

J^le  u  O  IV  the  latitude  which  we  wish  to  determine  : 
or  this  purpose  we  may  use  the  spherical  triangle 
ti  O  zr,  e  O  //,  the  first  ri^ht-angled  at  f/,  the  other 
at  n.  Put  s  =  '28401 53  the  sine  of  1/  O  =  16''  30', 
the  distance  from  6,  measured  on  the  equator  at  1 5'' 
to  an  hour  j  t  =r  '2370044  the  tangent  of  O  //  r: 
1 3^  ao',  the  sun's  azimuth  at  six  o'clock ;  x  =  tan- 
gent of  uxv  the  sun's  declination;  then  is  the  co- 
tangent oi  w  u  or  of  Of:  let  y  zz.  sine  of  u  O  w, 

then  v/ 1  —  ^»,  and      '^^  will  be  the  co-sine  and 
to*tangent  of  u  O  u\  In  the  triangle  u  O  Uy  it  will  be 
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as  tang. ;/  w  :  radius  :  :  sine  u  O  :  co-tangent  u  O  ji*^ 

that  is,  o' :  I  :  :  5  :  ■  '"'•^  ;  hence  syzzx  ^/x — ^». 
And  in  the  triangle  e  O  w,  co-tang.  c  O  :  radius : :  co* 
sine  e  O ;/  :  tang.  O  //,  that  is  ^  :  i  :  :  \/i  — y  :  /  j 

whence  t  r:  Xs/i  — yz :  therefore,  sy  and  t^  be- 
ing equal  to  the  same  expression,  are  equal  to  each 

other,  i.  e.  J?  3^  =   ^   or  3/  zz  y  =  -8344775  = 

sine  of  56**  33'  41^  the  latitude  required.  And  from 
this  we  may,  if  required,  find  the  sun's  declination^ 
by  saying,  co-tang,  latitude  :  radius  :  :  sine  16®  30' 
;  tang.  23^  16'  the  declination. 

OoC*  One  morning  in  springs  the  sun's  azimuth 
at  6/>  o* clock  was  obseixed  to  be  9^  SS'^f^^^^  thecal 
?)orthwar(l^  and  his  altitude  when  due  east  19^  56'. 
Required  the  latitude  of  the  place,  and  the  sun^s  dt* 
clination  ? 

Here  we  refer  to  the  same  figure  as  in  the  last 
article,  and  put  s  m  '3409265  the  sine  of  O  w,  the 
sun's  altitude  when  east ;  t  zz  '1748277  the  tangent 
of  Offy  the  sun's  azimuth  at  six  o'clock;  and  j  =  the 
sine  of  the  latitude.  Then,  in  the  triangle  u  O  a, 
we  have  1  i  s  :  :  .v  i  s  .v  zz  sine  of  u  re  the  sun's  de- 

clination ;  therefore         "^  "^   zz  co-tangent  of  u  u',  or 


*  X 


of  O  e.   Also,  in  the  triangle  c  O  ;/,  we  have,  tangent 
O  //  :  co-sine  cO  n  :  :  radius  :  co-tang.  O  r,  that  is, 

/  :  v/x— u*  :  :  I  :  iiiZlili!:  therefore  v^TTZ? 

S  X 

x:  -^- : — ,  which  peduces  to  6*  j*  —  s^  a^zz/*  — 

^*  i"-  .i%  or  d-^  —  t^  +  1  X  x^  =  —  -T .    Substitu'J 

a  yn  for  r-  +  i,  then  x^  —  2vi.v^zz: ;  wheBCC, 

by   cc^uplcting   the  square,  &c.  a:  z;: 
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m  +  v^w*  —  ^  zz  7521853,  the  sine  of  48''56^4S^ 

the  latitude  required  :    and  s  x^   or  sine  u  w    zz 

I  / ^ 

.s»J  m  +  V  m^ ^='2564399,  zisineof  i4'*5i'32^ 

the  sun's  declination  north. 

65  :J.  At  a  certain  place  in  7iorth  latitude^  the  sun 
vms  observed  to  vise  exactly  at  four  o'clock^  and  at  si.v 
o^ clock  the  same  morning  his  altitude  xvas  Jound  to 
be  1 7^  30' :  what  are  the  latitude  of  the  placCy  and 
the  sun^s  declination  ? 

Referring  still  to  the  same  figure,  we  make  use  of 
the  spherical  triangles  O  en^  O  /  r,  rigllt  angled  at  n 
and ;:  respectively.  Put  a  =  '3007058  the  sine  of  n  e^ 
the  sun's  altitude  at  six  o'clock;  flfzz*5  =  sine  of  O  c, 
his  ascensional  difference ;  and  x  =  sine  of  c  O  n^ 

the  latitude  ;  then  "T — ^-;;  »«  tang,  of  the  latitude. 
But,  sine eOn  :  sixie  ne  :  i  radius  :  sine  O e,  or  sine 
zi^  the  sun's  declination,  that  is,.r :  at  :  :  i  :  ~;  there- 


'or  a 


fore  the  tang,  zi  =— -fv/i  —  -^sss  v- — 
And  in  the  triangle  z  i  O,  it  will  be  co-tangent  /  O 
sine  O  c  :  :  radius  :  tang.  ;:  /,  that  is  —r^^ 


Z        I . 


a  X 


5:1:    y •  therefore  -7^^ —  ==  dy/x"-  — \  \ 

Btkdy  by  reduction,  .r4  +  -^^  -r-  ^/*  —  £  x  t*  ^  —  a^. 

By  substituting  —  2  tti  for  -^  —  ^^ —  i,  vc  ret  ?% 
^—  2  771  .r*  ==  —  ^*,  which  equation  solved^  pv:-.  :    - 

V  wi  ±^m^  —  a^  =  75536556,  or  -^g^^ic:; 
ionner  of  these  is  the  sine  of  ^f'  ; '  :  i\  and  rJu*  : .  :  ; 
'to  2%^  28^  either  of  which  would  be  the  lati:! -i    .  j.. 
cording  to  the  cijuation;   but  sj;jce  the  6u^  n:\r- 
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rises  so  early  as  four  o'clock  (or  indeed  so  early  as 
five)  at  either  of  the  tropics,  the  first  of  these  num- 
bers, viz,  49**  1^51'''',  is  the  latitude;  and — =  •3982152 

s=5  sine  23®  28'  the  declination. 

6o4.  On  a  certain  day  in  the  forenoon^  the  suh*s 
altitude  was  observed  to  /><?  33**  41'  40',  and  his  azi* 
tnuthjrom  the  north  162^  40^  $2^  i  some  time  afters 
on  the  same  morni?i£:,  his  altitude  uas  found  48^  46' 
S'f^cnd  azimuth  134^  39'  ^&^.  From  hence  the  lati- 
tude is  required,  being  norths 

From  these  aata^  an  expression  for  the  latitude  (or 
for  the  declination,  and  time  of  the  day,  if  required) 
maybe  best  deduced  by  the  following  Const  ldc  .  ion. 
With  radius,  ==  sine  of  90"*,  describe  the  primidve 
circle  on  the  plane  of  the  meridian  H  Z  H  N  ;  (fig.  8, 
PI.  IX») ;  draw  H  H  through  the  centre  for  the  ho- 
rizon, and  Z  N  at  right  angles  theieto  for  the  east  azi* 
nnuth^  with  the  versed  sines  of  102^40'  52^,  and  134* 
39'  ^t"  set  off  H  /  and  H  T;  and  with  the  sines  of  33' 
41'  40'',  and  48°  46'  ^^\  lay  down  c  h  and  C  K  ;  then 
draw  k  q  and  KQjDarallcl  to  HH  :  make  N  «/  =  Ay, 
and  N  6=  K  Qj  join  N  T  and  N  t  \  and  draw  tc  « 
ajid  h  e  parallel  to  H  H  ;  then  make  k  s  z=z  zr  /*,  and 
KS  =  he:  through  S  y  draw  G  S  v  7W  n  f-'^  and  draw 
the  equator  E  C  E  parallel  thereto;  then  S  C/?,  being 
drawn  perpendicularly  to  E  C  E,  will  represent  the 
axis  of  the  earth :  whence  C  //  will  be  the  sine  of  the 
sun's  declination,  P  b  that  of  the  latitude. 

Now  to  investigate  a  general  thec>rv'm  for  the  lati* 
tude,  put  C  ^  = ;:,  C  T  =  ;;»,  co-aine  of  33**  41'  40' 
=  A*  y  =  N  z/  =  y,  co-sine  of  48^  46^  53=  K  Q^== 
N  t'  ==  c,  sine  of  33""  41'  4.0^^  =  C  ii  =  /;,  sine  of  48" 
46'  53^^  =  C  K  =  ;•.  Then,  by  similar  triangles,  vc 
have  N  C  (=radius=  i )  :  C  ^  (z)  :  :  N  w  {q)  :  u  11-= 
A^=5r;r;andNC(i):CT(w^::Ne(c):eA=KS 

=  ;;j  c  i  therefore  S  a  =  c  w  ■^—  y  -•     Also,  as  K 
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(r— /)):S^(cw— yc)::c;^(i):  AZ=^^^^ 

?=  tang.  54"*  51',  the  required  latitude. 

For  the  ^ioi*s  decHnatioiu  Represent  the  sine  of 
the  latitude  by  .r,  its  co-sine  by  y,  and  the  sine  of  the 
declination  by  r/;  then,  P  b  (d)  \Cb  {y)ii  sk\q  z)i 

k7n=  ^'/i  and,asC  w(/;— ?f^j:Cw((/)::CP 

(i)  :  P  i  .r).  Consequently  p  U'-^qy  z  =  d  =  sine 
of  20®  24',  the  declination. 

For  the  hour  iff  the  day.  Put  r  =  co-sinc  of  sun's 
declination^  //  and  w  for  the  sine  and  co-sine  of  the  hour 
from  noon,  ;z = sine  of  the  ^un's  azimuth,  the  other  let- 
ters remaining  as  before.  Then  px  —  qyz  =  d,  and 
dx  +  vyw=^py  and  by  substitution  .r*  p  — s  y  ^ //  + 
*vyw  s::^pi  but  I  — ^*  =  *rs  therefore  v  w  =^py  -j- 

d'qzi  and,  ui  q  ::  71  i  r,  hence  ?-  =  r;  which  va- 
lue of  x\  substituted  for  it  in  the  equation  just  before 
the  analogy,  gives  ^-^  =^py  +  »^'  y  ^ ;  consequent- 

ly —  =  — ^  =  co-tancent  of  the  hour   from 

'11  qn  o 

noon  at  the  first  observation,  which  gives  4  hours>  or 
8  A.M. 

N.  B.  \^Tien  the  sun's  azimuth  is  less  than  90^ 
from  the  north,  t  C  must  be  taken  on  the  contrary 
side  of  C,  and  will  therefore  be  negative  with  re- 
spect to  what  it  is  in  the  present  instance  :   hence 

^ =  AZ,  p.v  +  gyz  =dj  and — = —* 

become  general  expressions  by  which  the  latitude,  de- 
clination, and  hour,  may  be  determined,  when  the 
sizimuth  from  the  north  is  less  than  90^. 

65.5.  Sometimes  the  latitude  is  found  by  three  ob- 
servations upon  the  sun  on  the  same  morning,  or  af- 
ternoon; and  as  this  method  is  supposed  to  be  of 
great  use  at  sea,  it  has  exercised  the  talents  of  many 
learned  men^  both  in  Ilngland  and  upon  the  continent : 
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the  general  problem  may  be  stated  thus :  Givoi  three 
desccndbigy  or  asceM'uig^  altitudes  of  the  sun,  takai 
on  the  same  day  at  unequal  knoini  intervals  of  time  ; 
thence  to  find  those  tnnesj  the  latitude  of*  the  place^ 
and  the  sun^s  declination. 

Mr.  Robertson^  in  his  Elcinents  of  Navigation^ 
gives  a  solution  which  he  supposes  to  be  both  concise 
and  intelligible  to  learners ;  as  such  it  is  here  inserted: 
Let  7nan  (fig.  12,  PI.  IX.)  be  the  parallel  of  declina- 
tion described  on  w?  71 ;  and  a^  b,  f ,  the  places  of  the 
sun  when  observed  ;  a  A,  bB^  c  C,  the  sines  of  the 
times  from  noon,  to  the  radius  E  7;/ ;  in,  w,  the  places 
at  noon  and  midnight :  and  let  /  F,  e  F,  rf  F,  7w  F,  FK, 
represent  the  sines  of  the  distances  of  those  places 
from  the  horizon  HR.  Draw  eg  parallel  to  AC; 
then  if  the  angle  g  c  E,  which  is  equal  to  the  angle 
7)2  E  Cy  the  time  from  noon  when  the  greatest  alti- 
tude was  taken,  could  be  found,  the  times  from  noon 
when  the  other  two  were  taken  would  be  know^n  also. 
Now  cb  being  one  interval,  and  ba  the  other,  be 
and  h  a,  the  chords  of  these  arcs,  will  be  known,  as 
also  ca,  which  is  the  chord  of  their  sum.  Draw  bo 
perpendicular  to  a  c ;  then  in  the  right-angled  tri- 
angle c  b  0,  the  angle  b  c  0  =  i  the  arc  b  r/,  and  the 
Side  c  h  =  twice  the  sine  of  {  the  arc  b  r,  consequently, 
radius :  sine  be 0  («=  sine  of  4  arc  A fl')  : :  b c  (=t\\-ice 
fiinc  of  4.  arc  b c)  :  b 0 ;  and,  radius :  sine  cbo  (  =  co- 
sine  i  arc  b  a^  :  :  b  c  {2  sine  i  arc  b  c)  :  c  0,  Now, 
d  f\  dc,  the  difference  of  the  sines  of  the  altitudes, 
are  known ;  and  the  lints  J  d,  AC,  a  c,  are  cut  pro- 
portionally in  r,  B,  and  r;  consequently,  djzde:: 
(C  A:  CB: :)  c a  :  c /*,  and  c e — c r==  ro :  in  the 
triangle  b  o  7\  roibo::  radius  :  co-tang.  ;7;o  =  co- 
tang,  rcg.  But  a  cE  (=  comp.  of  \.  whole  interval 
a  c)  —  rcg=^gcE  =  cE  m  =  hour  angle  from 
noon  when  the  greatest  altitude  was  observed  ;  there- 
fore the  time  is  known,  as  well  as  C  m  the  versed 
iiine  of   that  time  from    noon -Agsun,    ni 
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dius  :  cosine  a  c  g  \ :  a  ci  c  g  =^  KC  \  and,  A  C  : 
VIC  :  :J  d  I  d  m  ;  then  Y  d  +  dm  =^Y  m  the  sine  of 
H  m.  Also,  AC  imni  \  f  d  :  in  K,  and  K  ///  — 
F  ;;i  =  F  K,  the  sine  of  R  // ;  wherefore,  knowiuj; 
H  w,  and  R  w,  the  sun's  meridional  altitude  and  mid- 
night depression,  we  have  — ^^ =  Qj7i  the  sun's 

declination :  or  — =  ^  Qj  ^^^  altitude  of  tlic 

equator,  or  complement  (Art.  26.)  of  the  latitude. 

When  the  altitudes  are  taken  at  equal  intervals  of 
time,  the  two  first  proportions  become  useless ;  for 
a  by  b  c,  being  equal,  the  point  0  falls  in  the  middle 
of  the  chord  ca^  and  b  0,  the  versed  sine,  is  known: 
then  dfidei:  (C  A  :  C  B  :  :)  c^  :  c  r,  and  co  — 
cr  =  r  0;  also  bo  :  r  0  i  i  radius  :  tang,  r  b  0  = 
tang,  a  c g ;  and  «  c  E  —  a  eg  =  g cE  =  c  E  ;//. 
Hence  the  times  from  noon,  the  latitude,  &c.  are 
found  as  before. 

656.  But  we  may  obtain  a  theorem  for  the  nearest 
time  from  noon,  which  will  probably  be  more  ready 
la  practice  than  Mr.  Robertson\  method,  by  the  fol- 
lowing algebraic  process !  Let  c  =  co-sine  of  Z  C, 
/  r=  co-sine  of  Z  B,  ^/=  co-sine  of  Z  A,  //  ==  sine  of 
C  P  B,  />  =  its  co-slne,  vi  =  sine  of  C  P  A,  n  =  its 
cp-sine,  x  =« sine  of  7/2  PC,  y  =  its  co-sine,  r  and  .^ 
=s  sine  and  co-sine  of  the  latitude,  a  and  c  =  the 
sine  and  co-sine  of  the  sun's  distance  from  the  pole. 
Then  in  the  three  triangles  CPZ,  BPZ,  A  PZ,  we 
have,  by  a  well-known  spheric  theorem,  (I.)  e  r  -j-  a  v  1/ 
asa c,  (II.)  er  +  as py  —  aska'  =  tj  (III.)  er  + 
asny — 'asm.v  =  d.  From  the  first  of  these  equa- 
tions we  have  €r  =  c  —  asy^  which  substituted  in  the 
Other  two,  make  (IV.)  c  —  asy  +  a  spy  —  as  .r  /i  zz 
f,  (V^ )  c  —  asy  +  asny  —  a  s  m  a:  -zz  (L  By  the 
fourth,  --^asy  +  a spy^^  ashxzz  t — r,  which  put 

Tzg^ihonaszz -^ r-= :r£= c  caU 
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J  —p9  ^'>  then  will  as  :=: ^—7-  :    but   by    ttc 

fifth,  —  asy  +  asny  —  aamx  z=i  d  —  r,  whlcb 
call  k;  then  a^= ^-  = =i ' 

if  w  be  put  for  i  —  w,  then  «  ^  =: :  lience 

vc  obtain ^ — v—  = ,  or  f^ 


— ^r  —  ^i:  — yw  —  w  x^  yv-^-Ax 

— Y"  ~  >  which,  by  reducing  the  fractions,  gives  iryic 
-^^  gm  X  zsz^kyv  +  k  h  x  ;  whence,  by  farther  reduc- 
tion, -  =  '^■-•^i^j^  =  tangent  of  the  angle  m  P  C» 

From  which  the  times  of  the  observations,  and  tht 
other  requisites,  may  be  found  by  the  method  ex« 

plained  in  Art.  6^^. 

657 •  The  following  practical  rule  for  the  time  of 
the  day  xvhen  the  greatest  altUiule  xvas  taken^  \%  de- 
duced from  the  final  equation  in  the  foregoing  inves- 
tigation : 

i.  1  ike  the  difference  between  the  sines  of  the  finl 
and  tlvrd  altitudes  (reckoning  from  noon),  and  mul- 
tiply it  into  the  versed  sine  of  the  arch  of  time  between 
the  first  and  .scro/ia  observations ;  let  this  product  be 
.made  less  by  the  difference  betveen  the  sines  of  the 
Jir-st  and  second  altitudes  multiplied  into  the  versed 
sine  of  the  arch  of  time,  between  the  first  and  third 
observations,  and  call  the  remainder  A. 

IL  Multiply  the  difference  between  the  sines  of  the 
first  and  sccotil  altitudes  into  the  sine  of  the  arch  of 
time  between  the  first  and  third  observations;  let 
this  product  be  lessened  by  the  difference  belwetn  the 
eiuts  of  the  ftr.st  and  thn'd  altitudes,  multiplied  into 
the  sine  of  the  arch  of  time  between  the  Jirst  and 
seco?/d  observations  :  call  this  remainder  B. 

ill.  Divide  A  by  B,  the  quotient  will  be  the  tan- 
gtnt  of  an  arch,  which,  converted  into  time,  will  be 
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the  interval  between  the  first  observation  (or  that 
where  the  sun's  ahitude  is  greatest)  and  noon  *. 

658.  There  are  also  various  methods  of  finding  the 
latitude  by  knojvn  Jixcd  stam^  besides  those  before 
given  (Art.  648.  649.  650.),  where  it  was  necessary 
that  the  star  observed  should  be  on  the  meridian :  but 
of  these  we  shall  only  explain  two,  leaving  others  to 
be  invented,  according  to  circumstances,  by  the  inge- 
nious practical  astronomer. 

Givai  the  altitude  of' one  of  two  kninvnjixed  siars^ 

*  In  iht  Namticdi  Jlmanac  for  1778  arc  given  some  astrono- 
mical problems  by  the  late  Mr,  Lyons^  among  wrhich  arc  two  Urr 
finding  the  latitude  by  observations  on  the  sun,  ihat  may  often  be 
useful  9$  approximations;  and,  as  the  almanac  for  that  year  is 
scarce,  they  are  inserted  below : — 

I.  **  Han/ing  the  time  the  sun's  diameter  takts  up  to  pass  a  horizontal 
Hue,  to  find  the  latitude  of  the  place  of  obser*vation, 

•*  From  the  proportional  logarithm  (Art.  673  )  of  the  ob^^ervcd 
time,  the  index  being  increased  by  10,  subtract  the  proportional 
log.  of  the  time  tiie  sun's  diameter  takes  up  to  pass  the  meridian, 
found  by  doubling  the  time  of  the  scmidiamcter  set  down  in  the 
Nautical  Almanac^  the  remainder  is  the  log.  sine  of  the  angle  of 
position. 

*'  To  the  log,  co-slne  of  this  angle  add  the  log.  co-sine  of  the 
(un's  declination,  thesum,  rejecting  ten  from  the  index,  is  the  lo^. 
sine  of  the  latitude  ;  exactly,  if  the  observation  was  made  of  the 
«un's  rising  through  the  horizon,  otherwise,  only  nearly^  to  be  cor- 
rected as  rollows : 

*'  Add  together  the  log.  sine  of  the  sun's  altitude,  the  log.  sine 
of  the  declination,  and  the  log.  secant  of  the  latitude,  the  bum, 
rejecting  twenty  from  the  index,  is  the  log.  sine  of  the  rirst  cor- 
rection i  to  be  added,  if  the  latitude  and  declination  are  both  oi 
the  same  name,  otherwise  subtracted. 

'*  Add  together  the  log.  tangent  of  the  latitude,  and  the  log. 
▼ersed  sine  of  the  altitude,  the  sum,  rejecting  ten  from  the  index, 
is  the  log.  sine  of  the  second  correction,  to  be  always  subtraitcd. 

II.  **  Halving  the  time  the  surCs  diameter  takes  up  to  pass  a  'vertical 
line  (as  the  venical  wire  of  a  telescope),  to  find  the  latitude, 

**  From  the  proportional  log.  of  the  observed  time,  the  index 
being  increased  by  teoi  subtract  the  proporiional  log.  of  the  time 
the  sun's  diameter  takes  up  to  pass  the  meridian,  the  remainder  \% 
the  log,  co-sine  of  the  angle  of  position  ;  whence  the  latitude  ma/ 
y$t  found  as  before/' 
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"^hen  ihcyhctce  the  same  azimuth^  to  find  the  iatitiidc 

of  the  place. 

Suppose,  for  instance,  the  stars  to  be  schedar  in 
Cassiopeia,  and  nlmaach  in  Andromeda,  the  altitude 
of  the  former  being  taken  ;  then,  in  fig.  9,  PI  Et. 
where  the  primitive  circle  represents  the  equator,  the 
pole  of  which  is  at  P,  A  the  point  from  whence  the 
right  ascension  is  reckoned,  A  6,  A  ^,  ,the  respective 
right  ascensions  of  almaach  and  schedar,  the  fornier 
star  being  at  S,  the  latter  at  B  ;  we  know,  in  the  tri- 
angle SPB,  PS  almaach^s  co-declination,  PB  sche- 
dar*s  co-declination,  SPB  their  difference  of  right 
ascension  ;  whence  we  find  S  B  P,  or  P  B  Z  its  sup- 
plement, Z  being  the  zenith,  and  Z  B  S  the  azimuth 
circle  on  which  both  the  stars  are  found*  Again,  in 
the  triangle  P  B  Z,  we  have  P  B  schedar's  co-declin^- 
tion,  BZ  schedar^s  co-altitude,  and  PBZ  the  angle 
of  position  ;  whence  we  obtain  P  Z  the  co-latitude. 

639-  Given  the  altitudes  of  txco  /cnozcn  stars^  to 
detey^mine  the  latitude  of  the  place  of  obseiTation. 

Let  us  suppose  the  stars  to  be  cor  hifdra  and  cor 
konis^  the  former  having  south  declination  :  if  this  be 
constructed  on  the  plane  of  the  equator,  of  which  P 
is  the  pole  (fig.  10,  PI.  IX.),  A  will  represent  cor 
hydra,  B  cor  Iconis,  and  Z  the  zenith,  then  we  shall 
have  three  spherical  triangles,  APB,  ZAP,  ZPB; 
in  the  first  we  know  A  P  cor  hydra^s  co-declination, 
BP  cor  leonis'  co- declination,  APB  their  difference 
of  right  ascension  ;  from  which  we  obtain  BAP  and 
B  A.  In  the  triangle  B  A  Z  we  have  A  Z  cur  hi^drus 
co-altitude,  B  Z  co-altitude  of  cor  leonis,  and  B  A 
just  found  ;  whence  we  find  B  A  Z,  then  B  A  Z  — 
B  A  P  =  P  A  Z.  Lastly,  in  the  triangle  A  P  Z,  the 
sides  A  P,  A  Z,  and  the  included  angle  P  A  Z,  are 
known  ;  from  which  P  Z,  the  co-latitude,  is  readily 
flctermincJ. 

In  nearly  a  similar  manner  may  otijer  solutions  be 
traced  out,  the  circumstances  varying  according  to  the 
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peculiar  situations  of  the  srars,  with  respect  to  the  chief 
circles  of  the  sphere,  and  to  each  othef . 

*^i*  Some  of  the  preceding  methods  of  finding  the 
latitude  (Art.  651. — ^S^^^)  ^^^^  ^^  subject  to  small 
degrees  of  inaccuracy,  arising  from  the  sun's  change 
of  declination  in  the  interval  between  the  observa- 
tions J  but  if  the  observations  are  carefully  made,  and 
not  too  far  asunder,  it  is  very  seldom  that  the  errours 
occasioned  by  the  change  of  declination  will  be  of 
material  consequence  *. 

*  The  methods  above  given  determine  the  latitude^  on  the 
supposition  that  the  earth  is  a  sphere;  or  they  ascertain  ttie  appa- 
rtnt  latitude^  that  is>  the  angle  formed  between  a  pJumb  line  at  the 
given  place,  and  a  diameter  of  the  equator  :  the  latitude,  or  angle 
at  the  centre  of  the  spheroid^  subtended  between  the  given  place  and 
the  equator,  may  be  correctly  found  by  this  rule  :  dividt  the  square 
9f  the  polar  axis  of  the  spheroid  by  the  square  of  the  equatorial  axis^  and 
multiply  the  tangent  of  the  apparint  latitude  hy  the  quotient y  the  product 
is  the  tangent  of  the  latitude  at  the  centre ;  or  say,  as  the  square  cf  the 
ejuatoreal  axis  :  the  square  of  the  polar  axis  :  ;  the  tangent  of  the  ap^ 
parent  altitude  :  the  tangent  of  that  at  the  centre.  For,  let  P  G  £  ;> 
{fig.  10,  Pi.  VI.)  be  a  section  of  half  the  earth  on  the  meridian  of 
the  given  place  G,  whose  apparent  latitude  is  G  B  E.  Put  C  A 
=a:  ;r9  AG  (perpendicular  thereto)  =/,  BG  s=:  «,  C  P  (half  the 
polar  axis)  ^=Jf,  C  £  (half  the  cquatoreal)  =  a^  sine  of  apparent 

latitude  =  i  j  then,  by  the  nature  of  the  ellipsis  j>*  =—  (u^ —  x^), 

^       I  ia^  —  ^*\      )  /♦        h 

^^n^^Jh^^  ^__  jyjor  «'  =  ^.  -  y  +>';  but 

h^ 
s  X  /  =:  y,  therefore  «'  =;  — ; — r--- -r^  ;  whence  n  becomes 

koown,  and  we  readily  find  x  =     / "" ^     ,  and  v  — 

»  '  V  i»*  +  ^' j»  —  «'j»'        -^ 

^ a^  4,  t* J '—  a' i' '     ^®^^  i^  ^C  be  supposed  radius,  AG 

will  be  the  tangent  of  the  angle  A  C  G  =:  -  ==     /--— ^ — ^  = 

X       ^v    ^    —  ^*  ••  • 
A*  X  sin.  app.  lat.        h»  »  i    .     j  . 

>Xco...app.iat.  =  Ja  X  ^^°g-  »PP-  J*^-  =  ^"g- 1^"^"^^  ^'  '^'^ 

#"rth's  centre :  whence  the  above  rule  is  manifest. 

The  authour  was  favoured  with  the  investigation  from  which 
this  rule  is  deduced  by  Mr,  Thptitas  Simpson  Evansj  second  mail.c- 
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660.  To  determine  the  longitude  of  places  on  the 
earthy  is  a  problem  of  such  great  difficulty  in  practice^ 
that,  although  the  efforts  of  some  of  the  greatest 
xnathematiciaiis  in  Europe  have  been  directed  towards 
the  invention  of  easy,  practicable  methods,  yet  none 
has  been  hitherto  discovered  that  is  not  liable  to 
errours ;  these  errours  though,  it  must  be  remarked^ 
are  not  to  be  ascribed  entirely  to  the  theory  (which  is^ 
at  least,  with  respect  to  several  of  the  methods,  accu* 
rate),  but  to  the  practice,  particularly  when  the  obser* 
vations  for  determining  the  longitude  are  taken  at  sea* 
Still,  however,  when  a  comparison  is  formed  between 
the  modern  methods  of  solving  this  problem,  and  those 
which  were  practised  two  centuries  ago,  it  will  appear 
that  very  considerable  advances  have  been  inade 
towards  a  perfect  solution ;  and  these  are  probably, 
in  great  measure,  to  be  attributed  to  the  very  hand* 
some  rewards  which  have  been  offered  by  conrnierdal 
nations  to  those  who  should  propose  the  most  accu* 
rate  and  practicable  way  of  attaining  so  desirable  an 
end. 

66 J.  Before  we  enter  upon  an  account  of  different 
methods  of  finding  the  longitude,  a  few  observation^ 
may  be  premised,  which  will  serve  to  elucidate  the 
nature  of  the  problem.  The  earth  revolving  on  its 
axis  from  west  to  east  once  in  the  course  of  a  natural 
day,  or  twenty-four  hours,  it  is  manifest  that  the  me- 
ridian of  every  place  on  the  earth  will  have  its  plane 
directed  to  the  sun  once  in  that  time ;  and  because, 

matical  master  at  Christ^ s  Hospital,  If  this  investigation  be  com* 
pared  with  that  given  by  Bczout  at  the  end  of  his  ^iwvigatioM^  k 
will  be  found  much  mxirc  simple  and  concise. 

N.  B.  Since  ^  is  to  ^  as  214  to  215  (Art.  10.),  wc  have  —  s 

•9907193  for  a  common  multiplier,  by  which,  if  the  nat.  tang,  of 
ihe  app.  latitude  be  nnihiplicd,  the  product  will  be  the  nat.  taD)[. 
of  the  latitude  at  the  centre  ;  or  '9907,  tlie  first  four  6gures 
of  thi«  multiplier,  will  generally  give  a  roiult  sufficiently  accurate* 
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whenever  the  meridian  of  any  place  has  its  plane 
directed  to  the  sun,  or  (as  it  is  commonly  expressed) 
comes  opposite  to  the  sun,  it  is  noon  at  that  place,  it 
JFoUows  that  when  the  first  meridian,  namely(Art.  20.}, 
that  of  Greenwich,  comes  opposite  to  the  sun,  there 
will  be  noon  at  Greenwich,  and  a  new  day  will  com- 
mence^  according  to  the  astronomical  mode  of  rec- 
koning. Then,  as  the  earth's  motion  on  its  axis  is 
uniform,  equal  parts  of  the  equator  will  pass  by  the 
sun  in  equal  spaces  of  time;  and,  consequently,  one- 
twenty-fourth  part  of  it,  or  15^,  will  pass  by  the  sun 
in  one  hour.  Hence,  at  the  end  of  one  hour  after  the 
time  when  it  was  noon  at  Greenwich,  that  meri- 
dian which  is  15^  xcc-st  of  the  meridian  of  Green- 
wich will  come  opposite  the  sun,  and  cause  it  to  be 
noon  to  all  the  places  which  are  on  that  ineriJiau, 
and  a  new  day  will  commence  at  those  places  exactly 
one  hour  ajtcr  it  commenced  at  Greenwich,  In  like 
manner,  txco  hours  after  the  time  when  it  was  noon 
at  Greenwich,  the  meridian  which  b  36°  west  of  the 
meridian  of  Greenwich  will  come  opposite  to  the 
sun,  and  mako  noon  to  all  the  places  which  are  upon 
it ;  and  a  new  day  will  commence  at  those  places; 
when  it  is  two  o'clock  in  the  afternoon  at  Greenwich. 
The  same  reasoning  will  be  equally  applicable  for 
places  which  are  still  farther  west ;  it  is  therefore 
evident,  that  the  diflFerencd  of  longitude  between  any 
two  places  is  in  the  same  proportion  to  the  ditference 
between  the  times  at  those  two  places,  as  1 5""  to  an 
hour ;  consequently,  if  the  difference  between  the 
times  at  two  places  be  converted  into  degrees, 
minutes,  &c.  at  the  rate  of  15^  to  an  hour,  it  will  be 
the  difference  of  longitude  between  those  places. 
It  is  also  manifest,  that  if  the  time  at  the  meridian  ot 
Greenwich  be  greater  than  the  time  at  am/  other 
plao'^  that  place  lies  to  the  xveat  of  Greenwich  ;  but 
if  the  time  at  any  place  be  greater  tha7i  the  time  of 
Greenwich^  the  meridian  of  the  place  is  to  the  east  of 
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that  of  Greenwich ;  because  the  time  of  noon  at  that 
place  must  have  preceded  the  time  of  noon  at  Greeo* 
■wich.  Hence  it  appears,  that  to  find  the  longitude 
of  any  place  from  another  given  one,  as  Greenwich,, 
is  the  same  thing  in  fact  as  to  find  the  time  of  day  at 
each  place,  and  convert  the  diiFerence  of  those  times 
into  degrees  and  minutes,  in  the  proportion  above 
stated* 

662.  Now,  the  time  at  the  place  fof  which  the 
longitude  is  required  may  be  found  by  means  of  ob- 
servations upon  either  the  sun  or  stars,  according  to 
some  of  the  methods  given  in  Chap.  VI.,  or  some 
which  have  been  pointed,  out  in  the  preceding  part 
of  this  chapter :  and  the  time  at  the  first  meridian 
may  be  ascertained  either  by  mechamcal  contritancesj 
or  by  astrofwrnical  ohsetxations.  With  respect  to 
the  first  of  these,  it  is  obvious,  that  if  a  clock  or  watch 
could  be  so  constructed,  as  to  go  uniformly  in  aH 
seasons,  and  in  all  places,  such  a  machine  being  once 
set  to  the  time  at  Greenwich,  would  always  shew  the 
real  time  at  Greenwich,  in  whate\'er  part  of  the 
earth  it  might  be ;  and  therefore,  when  the  time  un- 
der any  other  meridian  was  found,  its  longitude  from 
Greenwich  would  be  readily  obtained.  Various  at- 
tempts have  been  made  to  construct  watches  or  time- 
keepers, which,  by  the  regularity  and  accuracy  of 
their  motions,  might  be  lendered  subservient  to  the 
determination  of  the  longitude :  the  most  successful 
of  these  attempts  have  been  made  by  Mr.  John  liar' 
ris(;n  and  Mr  AdwUI^  both  of  whom  have  produced 
time-keepers,  the  motions  of  which  have  erred  but 
little  from  the  truth  when  tried  in  long  voyages  at 
£ca  ;  and  very  ingenious  methods  have  been  con- 
trived ior  finding  the  daily  deviation  of  the  time 
shewn  by  these  instruments  from  the  mean  time  at 
the  first  meridian,  and  thus  rendering  them  of  great 
ntilitv,  cvlu  when  the  rate  of  their  going  needs  cor- 
rcctiru.   But,  although  these  laechanical  (gatrivancfli 
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could  be  brought  to  the  highest  degree  of  perfection, 
yet,  as  they  are.  liable  to  be  injured  by  various  acci- 
dents, it  would  frequently  be  necessary  to  have  re- 
course to  celestial  observations  for  the  determination 
of  the  longitude ;  several  astronomical  methods,  tliei  e- 
fore,  sdll  continue  to  be  made  use  of;  the  descrip^ 
tions  of  some  of  which  are  here  given  *• 

663.  First  method :  by  the  sun*s  declination.    By 
some  of  the  methods  alr^dy  explained,  either  in  this 
chapter  or  the  sixth,  compute  the  declination  of  the 
sun  at  noon,  from  observations  made  \ipon  him  ei- 
ther at  the  meridian,  or  three  or  four  hours  from  it : 
take  the  difference  between  this  computed  declination, 
and  that  for  the  noon  of  the  same  day  at  Greenwich, 
as  shewn  by  the  Ephemeris ;  from  which  take  like- 
wise the  daily  diflference  of  declination  at  that  tunc, 
and  useth  is  analogy,  as  the  daily  difference  of  dc^ 
dination,  is  to  the  difference  above  J  bund ;  so  arc 
360°,  to  the  difference  of  longitude.   But  here  a  small 
crrour  in  the  computed  declination,  will  cause  a  very 
considerable  one  in  the  difference  of  longitude  j  and 

*  These  methods,  it  will  be  seen,  chiefly  depend  upon  the  iiie 
of  an  ephemeris  or  almanac,  adapted  to  the  first  meridian ;  which 
ephemeris  shall  contnin,  the^sun's  longitude,  right  ascension,  de- 
clination; the  planets' longitudes,  latitudes,  times  of  pas^ng  the 
meridian ;  the  times  of  solar  and  lunar  eclipses,  toactlicr  \vi:!i 
those  of  Jupiter's  satellites;  the  distances  of  the  moon  from  tlic 
sun,  and  certain  fixed  stars ;  and^  in  general,  the  times  when  nny 
remarkable  celestial  appearances  may  be  seen  at  the  place  fur 
which  the  ephemeris  h  calculated.     Such  ephemeris  was  [>ro* 
posed  by  Dr.  MasMj/u  to  be  calculated  for  the  meridian  of  Grt^cii" 
wich,  and,  the  scheme  being  adopted  by  the  commii->ioT,cr   ni 
longitude,  the  first  Nautical  Jjlm^intu  was  published  in  I7<^7,  aiui 
they  have  been  regularly  published  everfince,  and  are  continue'!  na 
far  as  the  year  1804.  Dr.  Maskelyne  has  also  \ii\x\yY\b[\ti\Rcquisite  1  ub'u  s 
H  te  used  luitb  the  Nautical  Ephemeris \  which,  together  with  ilic 
Ephemeris,  are  indispensably  necessary  in  most  ofthe  method*;  of 
finding  the  longitude  now  used ;  and  will,  even  if  the  Doctor  h:id 
done  nothing  else  for  the  promotion  of  Astronomy  and  Naviga- 
tion, ever  rcAcct  upon  him  the  highest  honour^  and  moil  lasting^ 
^fdebr'uy. 

QQ 
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as  such  an  errour  must  inevitably  arise  from  cono- 
dering  the  change  of  declination,  during  a  day,  as  re* 
gular,  this  method  is  not  to  be  reconunended  in 
practice. 

664.  Second  method :  by  the  inootfs  cuhninathtg: 
Seek  in  the  Ephemeris  for  the  time  of  the  moon's 
coming  to  the  meridian  on  the  given  day,  and  on  the 
day  following,  and  take  the  difference ;  ^e  also  the 
difference  between  their  times  of  culminating  on  the 
same  day,  as  found  in  the  Ephemeris,  and  as  ob- 
served ;  then  say,  as  the  daily  difference  in  the  Ephe^ 
merisj  is  to  the  difference  betxceen  the  times  of  south' 
ing found  by  the  Ephemeris  and  by  observation ;  so 
are  360%  to  the  differeme  of  longitude.  Here  the 
moon's  motion  is  supposed  uniform,  which  is  not  the 
case ;  therefore,  since  a  small  errour  in  this  respect, 
or  in  the  time  of  the  moon's  culminating,  may  oc* 
casion  a  great  errour  in  the  longitude,  this  method  is 
no  more  to  be  recommended  in  practice  than  the  for- 
mer. 

665.  Third  method :  by  the  distance  betxceen  the 
moon  and  a  known  Jixtd  sta?\  re  hen  both  are  on  the 
meridian.  Let  one  observer  take  the  altitude  of  the 
Tnoon's  centre  when  on  the  meridian  (which  may  be 
done  by  taking  the  altitude  of  the  upper  or  lower  lunb, 
and  allowing  for  the  semi-diameter),  and  another 
the  altitude  of  any  such  star  in  the  zodiac  as  then 
happens  to  be  on  or  very  near  the  meridian.  Now 
the  right  ascension  of  the  moon  will  be  equal  to  the 
tight  ascension  of  the  star,  if  they  were  on  the  me- 
ridian exactly  together ;  but  if  they  are  not  on  the  me- 
ridian together,  if  their  difference  of  culminating  do 
not  exceed  8  or  i  o  minutes,  the  right  ascen^on  of 
the  moon  may  be  found  by  adding  or  subtracting  thii 
difference  to  or  from  the  right  ascension  of  the  star, 
according  as  the  moon  culminates  after  or  before  tbe 
star.  Then,  knowing  the  day  of  the  month,  with  the 
xnoon's  right  ascension,  exaipine  the  NautkalAU 


of  Places  on  the  Earth*  45 1 

watiac^  and  find,  by  proportion^  at  what  time  at  Grecn- 
ivich  the  moon  had  that  right  ascension.  Take  also 
the  difference  between  the  meridional  altitudes  of  the 
moon  and  the  star  which  is  then  on  the  meridian ; 
this  difference  (when  properly  corrected  for  dip,  re- 
fraction^ and  parallax)  will  be  the  difference  of  the 
declinations  of  the  moon  and  star,  whence,  the  de- 
clination of  the  star  being  known,  that  of  the  mooix 
becomes  known  also.  Then  find,  by  means  of  the 
Nautkal  Alnianac^  at  what  time  on  the  given  day, 
the  moon  had  this  declination  :  if  the  time  thus  found 
agree  either  exactly  or  very  nearly  with  the  time  de- 
duced from  the  right  ascension,  take  the  dilterence 
between  half  the  sum  of  them,  and  the  time  of  the 
observation  (determined  by  some  of  the  methods  be- 
fore referred  to),  for  the  difference  of  longitude  in 
time,  whence  the  longitude  in  degrees,  kc.  may  be 
fouiid :  but  if  the  times  thus  deduced  do  not  cor- 
respond tolerably  accurately/  recourse  must  be  had 
to  some  of  the  following  methods. 

666.  Fourth  method:  by  eclipses  of  the  vioon. 
These  eclipses  are  seen  at  the  same  instant  of  abso* 
lute  time  in  all  parts  of  the  earth  (Art.  544.)  :  there- 
fore, if  in  two  or  more  distant  places  where  an  eclipse 
of  the  moon  is  visible,  the  times  of  the  beginning  or 
ending  are  carefully  observed  \  as  also  the  times  when 
any  number  of  digits  were  eclipsed;  or,  which  is 
better,  the  times  when  the  earth's  shadow  began  to 
couch,  or  to  leave  any  remarkable  spot  on  the  moon's 
fwt  \  then  will  the  difference  of  the  times  when  the 
observations  of  like  kind  were  made,  give  the  differ* 
race  of  longitude  between  the  places  of  observation. 
Or,  instead  of  comparing  the  observations  at  two 
different  meridians,  the  times  of  the  beginning  and 
end  of  the  eclipse,  as  observed  at  the  place  the  Ion* 

S'tude  of  whidi  is  required,  may  be  compared  with 
e  times  of  beginning  and  end  at  Greenwich,  as 
given  in  the  Nautkal  Almanac^  and  the  longitude 
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may  be  deduced  from  the  diflference  of  times  as  be- 
fore :  but  the  longitude  thus  foimd  will  not  be  so 
accurate  as  that  determined^by  two  observations,  be- 
cause of  the  inaccuracy  of  the  lunar  tables,  and  of 
the  great  difficulty  of  telling  exactly  the  time  of  the 
first  and  last  contact  of  the  earth's  shadow  with  the 
moon's  limb. 

667 >  Fifth  method:  by  the  eclipses  of  jupitei^i 
satellites.  The  eclipses  of  Jupiter's  satellites  aflford 
one  of  the  readiest,  and  for  general  practice  one  of 
the  best,  methods  of  determining  the  longitudes  of 
places  at  land  :  and  whenever  jupiter  is  to  be  seen  *} 

*  An  eclipse  will  be  visible  in^  any  place,  if  jupiter  be  S"  or 
more  above  the  horizon,  and  the  sun  as  much  bdow  it :  wbetfaec 
this  will,  or  will  not,  be  the  case  at  any  place  where  the  obeen^ 
lion  is  intended  to  be  made,  may  be  readily  found  with  sufficient 
accuracy  by  a  celestial  globe.  Or  if  both  a  celestial  and  terrestriil 
globe  be  at  hand,  the  space  upon  the  earth  where  an  ccli[>so  of  oae 
of  the  satellites  will  W  visible,  may  be  found  thus  :  First,  knowing 
the  place  of  the  sun,  with  the  longitude  and  latitude  of  juj'ilcr,  j* 
given  in  the  P^plicnioris ;  find  thtncc  their  right  asceiisioRi  acd 
declinations  by  the  ctleslial  globe  :  then  convert  tlie  lime  of  the 
et^lipsc  Irom  noon,  into  degrcxis  and  minutes,  they  shew  the  longi- 
tude of  that  meridian  on  the  carih  where  it  is  noon  whf-n  the  sattl- 
jitc  is  eclipsed  ;  which  we  therefore  call  the  jncridional  lon^ttvded 
the  eclipse,  and  is  either  uya/  ox  cast  according  as  the  time  of  the 
eclipse  is  after  or  before  noon  at  Greenwich.  Bring  this  meridnj'td 
longitude  under  the  meridian  of  the  terrestrial  globe,  and  nidketbe 
cl(!vation  of  that  pole  which  is  nearest  tlie  iun  e'piril  to  hi*  declina- 
tion :  keep  the  glo'oe  in  this  position,  and  if  jupitir  be  eittt'ssri 
of  the  sun  drav/  :i  line  along  that  part  of  the  globe  which  coindtift 
with  the  aiitnn  horizon,  it  passes  over  all  lhL>se  ]>iac(:5  where  tbe 
•un  is  setting  at  that  time  5  but  if  jupiter  be  iLcstzLcni  of  tbesn^ 
draw  the  sai<l  line  on  the  glohe  by  the  ue.stan  edge  of  the  horaoB, 
It  passes  over  all  thojie  places  where  the  sun  ib  then  rlsi/;<r.  Jupitft 
being  eastward  of  the  sun,  add  the  difference  of  his  and  the  wn» 
right  ascensions  to  the  fficridiortal  longitude,  bring  the  degree  of  the 
equator  answering  to  their  sum  under  the  meridian,  raiac  the  pole 
nearest  jupiter  cijual  to  his  declination,  and  detainin*r  the  globe  a 
this  position,  draw  a  line  again  coinciding  with  the  lasicrn  hcnzon; 
the  space  intercoj)ted  betwixt  this  and  the  line  of  the  funt  .'ff'ifj 
before  described  on  the  globe,  comprehends  all  those  plaas  v  n  ibf 
earth  where  this  eclip;>c  is  seen  in  tlie  interval  bctwceu  the  *La'i  ai 
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they  might  be  applied  at  sea,  oftener  than  they  would 
be  wanted,  if  they  could  be  observed  with  sufficient 
accuracy  in  a  ship  under  sail.  Mr.  Invin  invented 
a  marine  chair  for  the  purpose  of  adding  to  the  accu- 
racy  of  telescopic  observations  at  sea ;  and  Dr.  Mas^ 
keiyne^  in  a  voyage  to  Barbadoes  in  1763,  made  a  full 
trial  of  this  chair ;  but  he  informs  us  he  "  could  not 
derive  any  advantage  from  the  use  of  it ;  and,  con- 
sidering the  great  power  requisite  in  a  telescope  for 
making  these  observations  well,  and  the  violence,  as 
well  as  irregularity,  of  the  motions  of  a  ship,  he  is 
afraid  the  complete  management  of  a  telescope  on 
shipboard  will  always  remain  among  the  denldcratay 
In  order  to  find  the  longitude  of  a  place  at  land  by 
an  eclipse  of  one  of  Jupiter's  satellites,  the  fol- 
lowing directions  must  be  obsei^ed: — On  the  day 
'preceding  the  evening  on  which  it  is  proposed  to  ob- 
serve  the  eclipse,  note  the  time  it  will  happen  at 
Greenwich,  as  given  in  the  Nautical  Almanac.  Let 
the  estimated  longitude  of  the  place  of  observation 
be  converted  into  time,  and,  if  eastward  of  Green- 
wich,  added  to  the  time  of  the  beginning  of  the 
eclipse,  as  given  in  the  Nautical  Aln^anac ;  but  if 
the  place  be  ucstxvard^  subtracted ;  and  it  will  give 
the  time  nearly  when  the  eclipse  is  to  be  expected 
at  that  place.  Begin  to  observe  20  or  30  minutes 
sooner  than  the  time  thus  estimated,  and  let  the  in- 

jupiter's  ?etling.    But  if  jupiter  were  •westward  of  the  sun,  vihtri.t 
the  ditfcrencc  of  his  and  the  sun  s  right  ascensifjns  Jr.jm  the  > 
ridiwiat  Iv.r^itude,  set  the  degree  of  the  equator  corresprindin^ : ,  - 
rvmaindrr  under  the  meridian,  and  elevate  the  pole  njar.-s:  -.  ■ 
till  it  ii  equal  to  his  declination :  keeping  the  glubc  in  tr.i^  ;^"*i: 
draw  a  line  upon  it  by  the  vxstem  edge  of  the  horizon  ;  'r.n  v 
included  betwixt  this  and  the  line  of  the  aun  3  riain?,  '■.r.'^ 
those  jilaces  on  the  earth  where  this  eclipse  ia  v'u^ibU:  r>r  v  r^ 
tcr's  and  the  sun  s  riiing.     It  ia  manifest  ihac  rho  -.-::    .>■   . 
si.-r'n  the  best  (other  circumstances  being  sup^vw.-i  -'rf     ■ 
tho.^e  parti  of  these  spaces  which  are  iaruW  ;ror.;    ...     -, . 
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stant  when  the  eclipse  begins  or  ends  be  noted, 
shewn  by  a  watch  previously  regulated  to  the  time  at 
the  place  of  observation :    then  the  difference  be- 
tween this  time  and  the  Greenwich  time,  converted 
into  degrees,  will  shew  the  longitude  from  Green- 
wich,    If  the  time  at  Greenwich  be  less  than  the 
time  observed,  the  longitude  is  east ;  otherwise,  it  is 
west.  .  •  •  It  is  to  be  observed,  that  a  correspondent 
observation  of  an  eclipse  of  one  of  Jupiter's  satellites^ 
made  under  a  well-known  meridian,  is  preferable  i0 
the  calculations  of  the  Ephemeris  for  comparing  with 
an  observation  made  in  a  meridian  whpoe  longitude 
is  required :  but  if  no  corresponding  observation  can 
be  obtained,  as  is  frequently  the  case,  it  will  be  belt 
to  find  what  correction  the  calculations  of  the  iSphe- 
meris  require  by  the  nearest  observations  to  the  given 
time  that  can  be  obtained ;  which  correction  applied 
to  the  calculation  of  the  given  eclipse  in  the  Ephemoii 
ris,  renders  it  nearly  equivalent  to  an  actual  observa- 
tion. . .  The  best  eclipses  for  finding  the  longitude  arc 
those  of  the  first  satellite,  because  its  theory  is  most 
accurately  settled  ;  but  it  should  be  observed,  that  its 
emersions  are  not  visible  from  the  time  of  Jupiter's 
conjunction  with  the  sun  to  the  time  of  his  opposi- 
tlon ;  and  the  immersions  are  not  visible  from  his  op- 
position to  his  conjunction.     The  satellites  mav  be 
distinguished   one  from   another,  by  means  of  the 
configurations  given  in  the  1 2th  page  of  each  month 
of  the  Nnutiail  Almanac^  which  exhibit  the  appa- 
rent positions  of  the  satellites  with  respect  to  each 
other  and  to  the  primary,  at, such  an  hour  as  they 
are  most  likely  to  be  observed, 

6b'^.  Slvtli  method:  Inf  the  dij/erences  between 
the  ohsefxrd  transits  of  the  moon,  and  a  Jlred  star 
over  the  meridian  at  each  place.  Let  P  (fig.  1 1 ,  PI.  IX.) 
be  the  pole  of  the  earth  RQ^  P  G  the  meridian  of 
Greenwich  passing  through  the  moon  at  M,  P  D  the 
meridian  of  any  other  place  j  which,  when  it  is  brought 
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by  the  earth's  rotation  into  the  situation  P  dy  passes 
through  the  moon  at  m.  Determine  by  the  times  of 
transitting  the  meridian,  the  differences  MPS, ;//  P  S, 
between  the  right  ascensions  of  the  moon  and  a  fixed 
star  S,  the  difference  of  these  is  the  angle  M  P  m, 
which  is  the  increase  of  the  moon's  right  ascension 
in  the  interval  of  the  transits.  Find,  from  the  NaU' 
tical  Almanac,  the  increase  (A>  of  the  moon's  right 
ascension  in  twelve  hours  apparent  time,  thus :  Let  a 
represent  the  variation  of  the  equation  of  time  in 
twelve  hours  on  the  day  of  observation,  then  twelve 
hours  apparent  time  is  1 2^  +  6r  of  mean  time,  where 
the  sign  +  is.  used  if  the  equation  of  time  be  increase 
ing  and  additive j  or  decreasing  and  suhtractive ;  and 
the  sign  —  when  the  equation  is  increasing  and  sub^ 
tractive,  or  decreasing  and  additive.  Now  A  : 
Mpm: :  12^  +  a  :  j:  the  angle  (expressed in  mean 
time)  described  by  a  meridian  of  the  earth  in  the 
time  the  moon  describes  Mpm.    Then,  since  the 

earth  revolves  through  very  nearly  1 80®  X  ^  of 
longitude,  in  twelve  hours  of  mean  time,  we  shall 
have  07  X  ^  =  the  angle  D  P  m  of  longitude  de- 
scribed by  a  meridian  in  the  time  the  moon  describes 
yipm:  consequently  D P G,  the  difference  of  me- 
ridians, =  2-.  ^  —  Mp  m.    If  the  places  do  not 

differ  much  in  longitude,  we  may  for  ~-  ^  ^ubsti- 

tute  s  +  ^     ^,  and  the  result  will  still  be  nearly  ac- 

curate :  in  this  case  also,  the  apparent  may  be  used 
for  the  niean  time.  •  •  •  •  This  method  of  finding 
the  longitude,  was  proposed  by  Dr.  Maskdynej  in 
the  Nautical  Almanac  for  1 769 :  the  above  investi- 
gation of  it  is  given  in  Mr.  Vince's  System  of  Asiro- 
wmj/.    It  is  certainly  very  easy  in  practice^  and  ia 
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found  to  be  more  accurate  than  the  method  by  the 
eclipses  of  Jupiter's  satellites. 

.  Ex.  On  August  4,  1800,  after  midnight,  at  a 
certain  place,  having  west  longitude,  the  centre  of 
the  moon  (which  was  then  nearly  in  the  full)  was  ob- 
served to  be  on  the  meridian  6™  34'*6  before  the 
star  &  aqiiarii :  from  hence  it  is  required  to  determine 
the  longitude  of  the  place  of  observation. 

On  the  given  day  the  mooti  come  to  the  meridian 
at  Greenwich  at  i  a^  9"" ;  and  the  right  ascension 
of  j3  aquarii  in  August,  1800,  was  21^  21"*  2**9,  fitwa 
which  take  S*'  56"*  57**8,  the  sun's  right  ascension  at 
Boon,  the  remainder  i  a**  24"*  5'"i  is  the  estimate  time  of 
the  star's  culminating,  which  made  less  by  i"55'*5,  half 
the  daily  variation  in  the  sun's  right  ascension 
(Art.  i7i.)»  gives  12**  22™  g^*6y  correct  dmc  of  the 
star's  culminating  at  Greenvrich.  Therefore  12^ 
a2'"  9''6  —  i2*»  9«  ==  13™  98*6,  difference  between 
the  times  of  the  moon  and  the  star's  culminating  at 
Greenwich.  Then  13"™  9'**6  —  6""  34**6  =  6"*  35' 
in  time,  or  1^  34'  45^'  in  space  =  M  p  7??^  the  in- 
crease of  the  moon's  right  ascension  in  the  time  of 
its  passage  from  the  first  meridian,  to  that  whose  lon- 
gitude is  sought.  The  variation  of  the  equation  of 
time  for  twenty-four  hours  on  Aug.  4,  was  5"*  43»'3, 
deer  east  )iij[  and  additive ;  therefore  12^  +  a  ==  12^ 
—  2"  5i''6  =  ii''  ^7""'  8''4.  To  find  the  increase 
of  the  moon's  right  ascension,  take  from  the  Xauti' 
cal  Almanac  the  right  ascensions  both  at  noon  and 
midnight,  for  two  or  three  days,  and  after  arranging 
them,  take  their  differences,  as  below : 

I  St.  dif.  ;d.  (£:('. 

Aug.   3,  noon  .     .  293°  53'  ^     ^     o   -5/ 
3,  midnight  .301     49    *  ^ 


4,  noon  .     .  309  30 

4,  midnight.  316  54 

5,  noon  .     .  324 

5,  midnight .  330  48 


7    41 


'5 


>    •  17 
7    H    .     .  .8 


7      6 
6    48 


iS 
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Hore,  as  the  second  differences  are  evidently  nearly 
uniform,  we  may  take  7"  15'=  -"^ — ~->  f^^r  ihs 
rate  of  increa'^e  for  the  twelve  hours,  the  middle  of 
which  correspond  with  midnight  on  tlie  fourth  dav. 
Therefore,  7°  15'  :  i*  34'  45*  :  ;  11"  57"  8-4  :  .v  = 

ijj6"i'20463  :  congcquently -^  x  e=  1^(^6^261  ^= 
D  P  ;«  ;  and  D  p  m  —  M  /j  m  =  D  P  G  = 
i^6'"'6^26i  —  6'""58333  =  i50'"*04928  in  time,  ot 
37*  30'  44*'35  'i^  space,  the  longitude  west  from 
Greenwich. 

It  is  a  peculiar  advantage  attending  this  method, 
that  it  requires  the  taldng  of  no  altitudes  or  distances ; 
neither  is  their  needed  the  /rue  times  at  which  the 
transits  are  observed,  but  merely  the  true  interval  of 
lime  between  the  observations  ac  the  place  where  the 
longitude  is  required.  Now  the  difference  of  times 
between  the  transits  of  the  moon  and  star  over  the 
meridian,  will  seldom  exceed  a  quarter  of  an  hour, 
and  such  an  interval  may  certainly  be  measured  with 
«u(Ticient  accuracy  by  either  a  watch  or  pendulum, 
although  its  motions  may  not  be  sufiicieniiy  regular 
to  measure  much  longer  intervals  of  lime.  If  the 
observations  are  made  when  the  moon  is  not  near  the 
full,  it  will  be  proper  to  observe  when  the  enlightened 
limb  is  on  the  meridian,  and  allow  for  the  passage  of 
the  semidiameter  by  means  of  the  y./uiica/  .■Himnuic : 
when  the  required  longitude  is  great,  and  is  to  be 
determined  with  all  possible  accuracy,  an  allowance 
must  be  made  for  the  change  of  the  moon's  semidia- 
,  meter  (in  the  interval  of  the  passages),  arising  from 
its  change  of  distance,  also  for  the  change  of  semi- 
diameter  in  right  ascension  caused  by  the  change  of 
declination. 

fiby.  Seventh  method:  by  the  distance  bvt-cccn  ihc 
moon  and  the  su/i,  or  a  Jired  star.  This  method 
jus,  since  ihe  invention  of  Mr.  HadUifs  ocKiu/, 
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by  which  altitudes  and  distances  may  be '  taken  <m 
ship-board,  been  found  more  practicable  and  accurate 
for  determining  the  longitude  at  sea,  than  any  other 
method  which  has  yet  been  tried.  On  this  account  it 
has  very  much  engaged  the  attention  of  the  best  As* 
tronomqrs,  ever  since  the  time  of  Dr.  Halley^  who 
strongly  recommended  it.  Dr.  Alaskelyne  in  parti- 
cular, in  the  explanation  and  use  of  the  RequUitc 
Tahlesy  has  laid  down  rules  of  his  own  invention, 
and  MrJVitch€U\  which  very  much  fecilitate  the 
computations;  and  has  thus  removed,  what  was 
formerly  looked  upon  as  a  material  objection  to  this 
method,  namely,  the  tediousness  and  difficulty  of 
calculating  the  moon's  place,  and  thence  its  disGuicc 
from  the  sun  or  a  star. 

The  nature  of  the  process  in  this  method  of  finding 
the  longitude  may  be  thus  explained :  | .  The  aln* 
fudes  of  the  moon  and  sun,  or  fixed  star,  arc  care- 
fully taken  with  an  Hadley's  octant,  and  likewise  the 
distance  between  them  :  then,  from  the  observed  al- 
titudes and  distance,  the  true  distance  is  computed, 
making  proper  allowances  for  parallax  and  refraction. 
2.  The  time  is  found  at  Greenwich,  when  the  moon's 
distance  from  the  sun  or  star  agrees  with  the  distance 
above  computed.  3.  If  the  latitude  be  known,  the 
.  time  at  the  place  of  observation  is  determined  by  some 
of  the  problems  in  Chap.  VI. :  or  if  the  latitude  is 
not  known,  both  it  and  the  time  may  be  found  by 
some  of  the  methods  in  the  former  part  of  this  chap- 
ter. 4.  The  dilFercnce  of  the  times  at  Greenwich, 
and  the  place  of  observation^  gives  the  longitude  from 
Greenwich. 

070.  Having  the  apparent  distance  of  the  moon 
Iron;  the  sun  or  a  star,  and  their  respective  zenith 
distances,  the  true  distance  may  be  readily  found : 
thus,  in  fig.  9,  PL  VI.  let  M  be  the  apparent  place  of 
tlie  nux)n,  and  S  that  of  the  sun,  or  star ;  ;/i  and  .v 
their  true  places :  M  m  being  the  moon*s  parallax; 


r  •■« 
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lessened  by  refraction,  and  S  jp  the  star's  refracrion, 
or  the  sun's  refraction  lessened  by  parallax.  Then, 
Z  being  the  zenith,  in  the  spherical  triangle  M  Z  S, 
there  are  given  the  apparent  distance  S  M,  with  the 
apparent  zenith  distances  Z  S,  Z  M,  to  find  the  an^I^ 
Z :  and  in  the  triangle  m  Z  s^  we  then  know,  Z  :/ , 
Z ^,  the  correct  zenith  distances,  and  ml.,  the  in- 
cluded ande,  from  which  the  true  disrancc  ru  i  mi. j 
be  determined. 

671.  But  the  calculations  of  these  trianjrlei  rr  :le 
common  methods  being  tedious,  dinerem  apprixiziL- 
tions  and  rules  have  been  invented  for  tht  t* 
VI  s ;  one  or  two  of  which  arc  here  gircc     Ti 
first:  find  the  segments  of  the  baie  MI,  5L  l:.: 

take  Mo  —  ^^' '   ^  X  Miw,  and  5  ^  »   ""'  ; :, 

tang-  M  Z  '  -*  '.KT.r    :  ^ 

X  S^^-  then  MS  — Ml?  +  S  p  wifl  be  rerr -k,^ 
equal  to  //i  ir  the  true  distance  :  if  tbe  21^^  J*^  vr  > 
be  obtuse,  take  +  M  6,  or  —  S  /..     Y-jt^   'zzx  -  -jt 
right-angled  spherical  triangle  Z 1 31,  wt  liuivt  '.^7^ 

MZ  :  radius  :  :  tanp.  Ml :  co«sine  IMZ  «=  —  '  /;  '- 

X  radius  ;  and,  in  the  right-angled  xramj^t  M  : '.  , 
which,  on  account  of  the  minuteness  of  iti  idd^j,  r^y 
be  reckoned  a  plane  triangle,  we  have  radius  :  ?4  ''. 

X  M  ;w.    By  a  similar  kind  of  reasoning  it  vil:  -.:> 

pear  that  S  /i  =  ^^^' ^  ^  X  S  ^.     Noi--,  since   ::.- 

arches  M  m,  S  -s  are  very  small,  D  m  will  be  \  -rry 
nearly  equal  to  Do,  or  D  M  —  Mo ;  and  D  -»  nt*r.y 
equal  to  D  p,  or  D  S  +  S  />.  Therefore  D  ///  + 
D*  =  DM  — Mo  +  DS  +  S/>,  or  ;7i -1  =  M  S 
—  M  0  +  S  /^. 

672.  Or  the  true  distance  maybe  found  very  com- 
pendiously by  the  following  precepts  : 

I.  To  th^arith.  comp.  of  the  log.  sine  of  half  tJir 
^parent  distanoe,  add  tl)e  lo^*  *ioc  of  half  the  <iii< 
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fcrencc  of  the  apparent  altitudes ;  the  sum  is  the  log. 
sine  of  a  first  arc. 

2.  To  the  log.  sine  of  half  the  apparent  distance, 
add  the  log.  co-sinc  of  the  first  arc,  reject  radius, 
and  the  sum  is  the  log.  sine  of  a  second  arc. 

3.  Add  together  twice  the  log.  sine  of  the  second 
arc,  and  the  arith.  complements  of  the  log.  co-sines 
of  the  two  apparent  altitudes,  their  sum  is  the*log.  of 
a  third  arc. 

4.  To  the  log  of  the  third  arc,  add  |hc  log.  co- 
sines of  the  correct  altitudes,  the  sum  is  the  log.  of  a 
fourth  arc. 

5.  From  half  the  log.  of  the  fourth  arc,  take  the 
log.  sine  of  half  the  difierence  of  the  corrected  alti- 
tudes, there  remains  the  log.  tangent  of  a  fifth  arc. 

6.  From  half  the  log.  of  the  fourth  arc,  take  the 
log.  sine  of  the  fifth  arc,  the*  remainder  is  the  log. 
sine  of  half  the  true  distance  *. 

67{].  The  true  distance  from  the  moon's  enlightened 
limb  to  the  sun  or  star,  being  determined  by  some  of 
these  rules,  or  those  given  with  the  Rcfjiusite  1  abk>y 
the  next  step  is  to  find  the  time  at  Greenwich,  when 
the  given  objects  had  this  distance.  Now,  if  it  were 
necessary  to  go  through  the  whole  of  the  calculations 
b}'  which  the  time  when  the  moon  was  at  a  given  dis- 

*  While  this  work  has  been  in  the  press,  *'  An  IntroiJuctm  to 
llir  Thfon/  <!>{(/  Practice  of  Vlanc  and  tipltcrical  'J)\i^oiiomvtry  hii 
K-:!!  |)iibr»5hc(l,  by  Mr.  i'/ios.  Ktit/i,  at  p:ige  295  oi*  which  he  has 
i-r.  .>i;'j:ute<l  a  irenoral  rule  tor  determinini2:  f/ic  true  distance  <tf  tiJt 
h  ■•■.u  //•,;;//  the  fiun  or  a  .star,  having  given  the  apparent  a!liiti'U:5 
wv\  (l::-lanco  :  as  this  nile  is  })orfe'-'lly  corieot,  and  rcijuircs  but  wa 
ii;i:i'..'..>  to  be  taVin  omI  of  tl)c  tables,  and  ihoseat  no  irreat  dL?tan«.e 
ifoni  c'lrhotlvr,  ii  i^  ht'ie  inserlfNl.  IU'LE.  "  To  the  natural  i\.- 
-•'•!•'"  01  the  (I'.ri^'fTrTiCf  between  tb.o  anj^arept  altitudes,  adft  the  r»3- 
t.iral  ro-MPf  ol"  the  apparent  'li^.tancc,  it  ;;7o/r  than  90^,  or  >.'^- 
tr.ict  it.  if  liss  than  90^,  and  lind  the  common  logarithm  ot  the 
r.-mairider  ;  to  which  a  M  the  loi;arithni  secants  of  the  apparent  al- 
ti:r  ]<*.-,  the  logajilhm  cc^-sines  ^>\  the  true  altitudes,  antl  rcj.-ctt.ii' 
t»'!i=i  tr^">m  the  iri<lex.  'J'ii  -  diti'v-'n'rue  bi.*tween  the  natural  nmri^. r 
an^'vering  to  this  sum  in  the  table  ot"  loi^iiithm?,  and  thQ,nalur:l 
c)-5ine  ot  tht:  <1  lli  ruiirv  bilwcvii  the  true  alliludes,  will  u'i^c  th-.. 
Uii".  :  ;•.!  cu-.-:inc  <»i  ilio  true  Jibtanco." 
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lancc  from  any  other  celestial  object  was  to  be  asctr- 
■  tained,  this  part  of  the  busineas  would  be  extremely 
complex  and  emb;irrassing ;  but,  in  the  Atiuiaal 
Altnuitiic,  the  distances  of  the  moon  from  the  sun, 
and  certain  fixed  stars  which  lie  nearest  her  path,  are 
set  down  to  every  three  hours  of  apparent  time  at 
.  Greenwich;  so  that,  assuming  the  moon's  motion  in 
its  orbit,  or  its  motion  with  respect  to  the  object  to  or 
from  which  it  is  approaching  or  receding,  to  be  uni- 
form for  a  small  portion  of  time  (Art,  677,),  the  time 
corresponding  to  the  given  distance  may  be  nearly- 
found  by  simple  proportion.  Thus,  seek  in  the 
Ephemeris  junr.ngst  the  computed  distances  of  the 
proposed  objects,  on  the  day  given  for  the  given  dis- 
tance D ;  which,  if  found  there,  shews  the  time  by 
inspection  :  but  if  the  given  distance  fall  between 
two  computed  ones.  A,  B,  say,  as  the  {rif/irmcj 
of'  the  tlkta/nes  A,  B,  to  the  dijrcrcnce  f/chirai  A 
attd  D  i  so  are  time  hours  of  tnnCy  to  the  p}-opi:r' 
tional  time  to  be  added  to  that  of  the  dixiann:  A.  In 
the  Hctjumtc  TahUn  there  is  a  table  of  proportiumd 
iogarithmi,  which  are  calculated  from  the  common 
logarithmSj  by  subtracting  the  log.  of  the  given  num- 
ber, from  the  log.  of  3  ;  in  which,  therefore,  the 
log.  of  3  is  =  o  :  of  course,  by  the  help  of  this  table, 
the  fourth  term  in  the  above  proportion  is  found  by 
subtraction  only*. 

•  The  advanUgt,  as  wella*  thCBCCurscy  'jf  applying  proporUi-rij  I 
logarithms,  will  obviously  a|>iitjr,  alter  pcn'oriniog  an  i;i>uraliuii  I  y 
comnion  Idguithms,  and  ubicrving;  in  w  hit  manner  tht  lug.  ul  5 
alTccta  lh«  otheis  with  wliicb  it  is  Rctinecied.    Tfaui, 

Ai  I*  30'  50"=  i-^iiBH  .    Log,     -18=0914  =  a 


ji'a4'=-S4     .     .    Log.  r732:,938  =  £ 


80  aw  3  houn Lug.    -477 1: 


T«  i<>  4'i>  IV  =:  i'a;D09S  .    Log.     ■az^i^-j^tzzp-^b—a 
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67 i*  Having,  agreeably  to  these  directions,  found 
the  time  at  Greenwich  corresponding  to  the  true 
distance  calculated ;  and  the  time  at  the  place  of  ob« 
servation,  by  some  of  the  methods  so  often  alluded 
to ;  the  difference  of  longitude,  in  time,  and  thence 
in  degrees  of  the  equator,  may  be  readily  ascertained. 
But  to  render  the  whole  process  more  obvious,  we 
shall  illustrate  the  preceding  rules  by  an  example,  as 
below. 

Ex.  Suppose  that  on  the  night  of  the  34th  of 
April,  1 80 1,  when  the  star  pollux  was  to  the  west  of 
the  moon ;  the  apparent  distance  of  the  moon  and  star 
was  found  to  be  56^  40',  the  apparent  altitude  of 
the  moon  33^  16^,  of  the  star  20*  12',  and  the  ap- 
parent time  of  observation  12**  26"f :  from  hence 
it  is  required  to  determine  the  longitude  of  the  place 
where  the  observations  were  made. 

On  the  24th  of  April,  at  midnight,  the  moon's 
horizontal  parallax  was  56'  ^$" ;  therefore  (Art.  83.), 
as  radius  :  co-sine  33^  16'  :  :  sine  56'  45^  :  sine  4/ 
27^  parallax  in  altitude,  and  the  respective  refrac- 
tionsat  the  altitudes  33*^  16',  to^  12',  are  (Table 
VIIL)  i'  if  and  2'  34''^  Hence,  by  the  rules  in 
Art.  672.,  proceed  thus  ; 

Apparent  distance      56°  40'  its  f  rz  28*^  20' 

D  apparent  altitude    33     16 

^  app*  alt.    ...    20    1 2 

Difference       •    ij      4 


Half  dift".  app,  alt.        6    32 


JCow,  by  the  construction  of  these  proportloiul  logs,  it  is  manifest 
that  p  —  a  1=  proportional  log.  of  a 

p  —  b  iz.  proportional  log.  of  b 

p  —  en  proportional  log.  of  c  

And.  by  the  application  of  these  logarithms,  p  — •  ^ •— p  «i»  tf  := 
p  —  c  :  but  by  actually  subtracting  p^-a  from  p  —  b,  wc  have 
w-^b  zz-p  —  c,  and  by  transposition  crzp  -f  b  —  a,  which  exactly 
corresponds  with  th«  result  above  given  by  common  logarithms. 


of  Places  on  the  Earth. 


A  63 


*  app.  alt.  33^  i&     '^  ♦  app.  alt.   20^  12'      ^ 

—  remtc«  I  27  —  refrac  2  34 

33    '4  33  *  correct  alt.  20    9  26 

•I-  paral.  47  27  — — — 


From  34     2 
Take   20     9  26 


^  correct  alt* 
^  correct  alt. 


DIE     13   52  34 


6   56  17  ...  i  diff.  tnie  alt. 


To  log.  sine  28®  20'  arith.  comp.    0*32367 19 


Add  log.  sine  632'.     . 

Sum  log.  sine  ist  arc  .    .    . 

To  log.  sine  28®  20'    .    .    . 
Add  log.  co-sine  i  st  arc    .     • 

Sum^  log.  sine  2d  arc  .  . 
log.  sine  2d  arc  .  . 
log.  co-sine  33"^  16'  arith. 

comp 

log.  co-sine  20    12  arith. 
comp 


Sum,  log.  3d  arc 


To  log.  3d  arc  .  .  ,  • 
Add  log.  co-sine  34"*  2'  .  • 
And  log.  co-sine  20^  9'  26^  . 


Sum,  log.  4th  arc 


From  half  log.  4th  arc 

Take  log.  sine  6^  ^6'  1 7^ 

^^  < 

Rem.  log.  tang.  5th  arc    . 


9'056o7o6 

9'37974a5 

9*6763281 
9-9871465 

9-6634746 
9.6634746 

0-0777279 

0-0275690 

19-4322461 

19*4322461 
9-9184037 
9-9725501 

39-3231999 

19-6615999 
9*0619229 

k ^ 

10*5996770 
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From  half  log.  4th  arc      .     .     .  19*6615999 
Take  log,  sine  5th  arc      •     •     •     9*9866943 

Rem.  log,  I  dist.  28^  13'  56^^    .     9*6749056 

Therefore     .     .     56  27  52  is  the  true  distance. 

Now,  by  the  Nautical  yJ/maiiaCy  1801,  it  appears 
that,  on  April  24th,  the  distances  of  the  moon's 
centre  from  poUux  are  as  follows  : 

At  12  h.  57^  10'  4f    .     .     s^"^  2/  52^  =  D 

At    9h.  s5   33  48      .     .    55   33  48  =A 

A  CO  B     I    36  55     Aco  D       54     4 

Hence,  by  Art.  673.,  as  i?  36'  55^^ :  54'  4*' :  :  3b; 
t^  40^  25".  Or,  if  we  use  the  proportional  k^- 
rithms  given  in  the  15th  of  the  Requisite  Tablet, 
then. 

From  Prop.  log.  o''  54'    4''^   .    •     5^^3 
Take  Prop.  log.  i    ;^6  55     .     .     2688 

Rem.  Prop.  log.  i'  40^'  25'       .     2535 

Consequently,  9*^  +  i''  40'"  25'  =  10*^  40""  25'  ap- 
parent time  at  Greenwich,  when  the  true  distance  of 
the  moon  from  poUux  is  56-'  27'  52'^^;  but  the  appa- 
rent time  at  the  phcc  of  observation  is  12°  26™  30'; 
therefore,  1 2"  26  "  30^  —  10^  40'-'  25^  =  i**  46""  5*  in 
time,  or  26^  31'  i  /'  in  space,  longitude  from  Green- 
wich ;  and  as  the  time  at  Greenwich  is  Irss  than  that 
at  the  place  of  observation,  the  longitude  is  east 
(Art.  66 1. j*. 

♦  The  most  correct  ar.rl  practirible  rules  now  extant,  for  findlrj 
the  lungitiuic  by  tl:e  luiuirdiNtaiRes,  are  those  invented  by  Dr,.^/a?- 
kcli/nCy  Mr.  l.t/di't,  Mr.  Vuni/ioi nc,  timl  Mr.  It  itcht/t,  and  prinlvd 
with  ihe  licc^i'uih'  Tahiti.  None  ot'  iho.se  admirable  rules  arc  instTtrJ 
in  this  treat ibc,  because  they  cannot  U'  put  in  practice  without  the 
tables  which  they  acc()nii)any  j  these*  tables  and  nilcs  must,  how- 
ever, be  stron:^ly  rcfcjinnv.ndcc],  as  what  no  practical  astronomer  uf 
navigator  ou^^ht  to  be  without. 
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6^5.  in  order  to  arrive  at  the  greatest  possible  pre- 
dsibfi  in  determining  the  longitude  from  the  distance 
between  the  moon  and  the  sun,  or  a  star,  it  is  abso- 
lutely necessary  to  make  the  obsetvations  with  consi- 
derable care,  for  an  errour  of  only  one  minute  iti  the 
apparent  distance  will,  at  a  mean,  occasion  an  errour 
of  twenty-seven  miles  in  the  longitude  deduced  This 
will  readily  appear,  from  considering  that  the  efrour 
in  longitude,  resulting  from  ail  errour  in  apparent 
distance,  is  as  360^  to  the  diurnal  motion  of  the 
tnoon ;  thus,  taking  the  moon's  mean  diurnal  motion 
at  13**  I  of',  an  errour  in  distance  of  4'  will  produce  aia 
errour  in  longitude  of  i^  49' ;  and  the  corresponding 
errour  in  longitude  to  i^  in  distance  is  about  27^^  or 
geographical  miles  on  the  equator.  On  account  of 
the  errours  in  longitude  bearing  so  great  a  propordoa 
to  those  in  distance,  a  few  remarks,  tending  to  render 
the  observations  more  accurate,  are  here  added. 

676.  It  has  been  shewn  in  Art.  132.,  that  when  the 
time  is  determined  from  observations  on  the  sun,  v.rt 
errour  in  time  will  be  least  when  the  sun  is  on 
prime  vertical,  provided  a  proper  allowance  be  ma^Ie  f 
refraction :  but  this  allowance  must  not  always  ' 
the  same,  for  the  sun  is  often  not  far  from  the  Yjaw/ 
when  on  the  prime  vertical,  and  near  the  horiy^.Ti  * 
refraction  is  very  variable.  From  the  notatiori  rr> 
lise  of  in  that  article,  it  readily  follows,  that  the  /. 
pydicular  ascent  of  a  body  is  gnuilc4t  whrri  <.:. 
pruV  vertical;  for,  when  py  and  the  li^^i*;'^':  <-': 
fpY€L\rs  (fig.  4,  PI.  IL)  varies  as  the  siiit  <A  •he  i/1- 
miith,  yhich  is  a  maximum  when  the  rxxJy  v. '/; 
prime  vt  ^cal.  Or,  if  the  object  be  ir^^^'ti  v.: 
the  circle  ^^  perpetual  apparition,  it  rhzz.y^t  J  •  : 
tude  the  mo,  .  speedily  (Art  1 8c.)  whe^;  i*  v/ 
contact  with  k\  azimuth  drcle.  It  rv\  <  y^ 
marked,  that  th^N^tun,  or  a  star,  cbzsiy^  vi  k.- 
fliost  slowly  when  .\^is  near  the  natridiiot ;  ti^  r.'v 
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xht  best  times  of  the  day  for  taking  the  distance 
between  the  moon  and  sun  is  from  about  |  or  f  of  an 
hour  after  sun-rise  to  about  ten  o'clock^  in  the  morn* 
ing,  and  in  the  afternoon,  from  nearly  two  o'clock  to 
nearly  |  an  hour  before  sun-set.  If  a  watch  be  used^ 
the  altitudes  for  regulating  it  may  be  taken  durine  any 
part  of  the  morning  or  afternoon,  when  the  sun  is  not 
higher  than  i8*  or  20^,  or  lower  than  5^.  These 
ol^ervations  may  be  taken  during  the  four  days  pre- 
ceding the  moon's  first  quarter,  and  the  four  days 
following  the  last  quarter,  which  make  eight  days  in 
each  lunation,  provided  a  quadrant  be  used  ;  but  if  a 
sextant  be  made  use  of,  observations  may  be  made  on 
the  four  days  preceding,  and  the  four  days  following 
the  quadratures  also  ;  that  is,  fifteen  or  sixteen  days 
in  each  lunation. 

677*  At  sea,  the  best  time  for  making  observatioiis 
between  the  moon  and  a  star  is  during  the  morning 
or  evening  twilight,  or  when  the  sea  horizon  can  be 
seen  sufficiently  distinct  to  take  an  accurate  altitude : 
here  also  the  altitude  of  the  moon  should  be  between 
x^  and  iS'^,  or  at  most  20°;  but,  with   a   distinct 
horizon  at  land,  any  altitude  may  be  used,  w^hich  i> 
not  too  near  the  meridian.    The  star,  which  is  chosen, 
should  be  at  least  two  hours  from  the  meridian,  par- 
ticularly if  the  apparent  time  is  to  be  deduced  from  it. 
As  to  its  situation,  with  respect  to  the  moon,  it  should 
be  such  that  the  moon  should  approach  to  it,  or 
recede  from  it,  with  a  velocity  as  nearly  uniform  as 
possible.      In  order  to  this,  it  must  be  situated  either 
•m  or  near  the  moon's  path^  that  is,  very  nearly  in  the 
direction  of  a  line  conceived  to  be  draun  so  as  to 
pass  through  the  moon  s  centre  perpendicular  to  the 
right  line  joining  her  cusps  (Art.  470.J  ;  or,  between 
the  full  moon  and  her  quadratures,  in  the  direction  of 
a  line  passing  through  her  centre  perpendicular  to 
her  longest  diameter ;  and,  if  the  distance  from  tb^ 
noon  to  the  star  chosen  be  more  than  25^  or  30V 
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although  the  star  should  deviate  in  a  small  measure 
from  the  moon's  path,  still  the  moon  will  approach 
to  it,  or  recede  from  it,  for  an  hour  or  two,  with 
nearly  uniform  velocity.  The  stars  whose  distances 
arc  set  down  in  the  Sautical  Jlmaneic,  on  the  respec- 
tive days  for  which  the  distances  are  computed,  lie 
very  near  the  moon's  path,  so  that  the  chief  irrej^u- 
larity  in  the  motion  with  which  the  moon  approaclc^s 
to  them,  or  recedes  from  them,  arises  from  her  abso- 
lute motion  in  her  orbit ;  therefore,  in  cases  where 
extreme  accuracy  is  required,  the  velocity  should  be 
taken  into  the  account,  as  well  as  the  space,  in  detcr- 
inining  the  time  taken  by  the  moon  to  move  any  givjn 
distance,  and  the  proper  measure  of  the  velocity  is 
such  a  quantity  as  has  the  same  ratio  to  the  space 
described,  as  three  hours  have  to  the  time  that  has 
been  actually  taken  to  move  the  given  distance :  to 
find  this  quantity  correctly  would  require  interpola- 
tion, but  it  w-ill  be  sufficient  in  practice  to  find  the 
time  first  by  the  common  method  (Art.  673.),  and 
then  to  correct  the  interval  for  three  hours  to  that 
time,  by  taking  a  proportional  part  of  the  spa  hi  id 
difference  of  the  moon's  distance  at  the  beginning  of 
each  three  hours,  supposing  t\it  first  dilferencK^  10 
answer  to  the  middle  of  each  interval.  This  correc- 
tion will  often  bring  the  result  nearer  to  the  truth  by 
four  or  five,  and  sometimes  even  by  six  miles,  w  hici:, 
in  geographical  determinations,  is  of  consequence. 

t}7^.  If  two,  three,  or  more  sets  of  observations  be 
made  as  near  to  each  other  as  possible,  ard  the  means 
of  the  times  by  the  watch,  of  the  distar.ce:,  and  cf 
the  respective  altitudes,  be  taken,  these  nic -ms  m:./ 
be  esteemed  a  set  of  observations  more  tu  b  j  ci  .-pen .:  .-vl 
on  than  any  single  set ;  or,  the  longitu.iL.,  may  be 
computed  to  each  set,  and  the  mean  of  the  results 
taken  for  the  true  longitude. 

679.  In  taking  the  distances  between  the  moon 
and  the  sun,  or  a  sur^i  with  a  Hadkf^t  sextant,  it  i> 
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usual  to  move  about  the  index  till  the  mpon's  enlighf^ ' 
ened  limb  is  made  to  touch  the  limb  of  the  sun,  or  the 
middle  of  the  star.  Now,  by  observations  which 
have  been  made  in  a  place  whose  longitude  was  pre- 
viously determined  with  accuracy  by  the  eclipses  of 
Jupiter's  satellites,  it  has  been  found  that  bringing  the 
object  to  the  moon's  enlightened  limb  is  liable  to 
errour.  A  little  before  and  after  the  conjunction, 
when  the  whole  hemisphere  of  the  moon  is  visible 
(Art.  467.),  several  sets  of  distances  of  a  star,  bodi 
from  the  bright  and  dusky  parts  of  the  circumference, 
were  taken ;  and  of  the  results  it  appeared,  that  those 
deduced  from  the  dusky  part  were  considerably 
nearer  the  truth  than  the  others :  the  nature  of  the 
errour  plainly  shewed  that  the  star  was  really  some 
distance  (generally  less  than  half  a  degree)  from  the 
enlightened  limb,  when  it  seemed  to  be  in  contact 
vrith  it.  Indeed  it  must  be  well  known,  that  near  the 
conjunction  the  outward  arc  of  the  moon's  enUght- 
cned  crescent  seems  to  be  a  portion  of  a  larger  circle 
than  the  limb  of  the  dusky  part :  this  is  the  source  of 
the  errour,  and  it  is  the  more  necessary  to  attend  to 
it,  because  it  is  of  such  a  kind  as  is  not  to  be  remedied 
by  increasing  the  number  of  observations.  To  avoid 
the  errours  which  arise  from  this  deception,  the  dis- 
tances may  be  taken  from  the  dusky  part  of  the  limb 
when  the  moon  is  near  the  conjunction ;  or,  at  other 
times,  instead  of  making  the  star  appear  to  touch  the 
moon  oiUzcardly^  or  at  the  centre,  to  cause  it  to 
touch  the  moon  imrard/j/y  so  that  the  whole  star  shall 
just  be  hid. 

680.  When  the  altitudes  of  the  moon  and  the  sun, 
or  a  star,  are  taken  at  sea,  they  require  to  be  corrected 
for  what  is  called  the  dip  of  the  horizon  ;  for  the 
observer,  standing  upon  deck,  is  raised  above  the 
level  of  the  sea,  and  observes  an  horizon  below  the 
level  of  the  true  one.  Thus  (fig.  13,  PL  IX.),  let 
a  Sj  be  the  surface  of  the  sea,  E  S  the  height  of  the 
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eye  above  that  surface,  and  AF  ±c  ab>*r7eT'3  h:r:. 
zon;  then  the  observer,  deeming  £3  ztlz  L'^rizir:, 
which,  in  fact,  dips  below  the  true  one  by  the  ir: 
A/7,  the  apparent  altitude  j3  of  an  00  t:r.  3  t*-  *. 
manifestly  be  lessened  hj  the  arc  a  A.  O*,  ::  :.\t 
observer's  back  be  towards  the  object  B,  tr*^  ...ic;  1  : 
becomes  his  apparent  horizon,  which  dfpi  be'l^-^-  :;.» 
true  one  by  the  arc  F;  =  A  ,  ic  ii  obvisii  the  i.-.:^i- 
rent  altitude  c  B  is  too  small,  and  miiit  be  u—.c?.: .-  J 
by  the  dip  £/  or  Ac  ;  conseqaenily,  in  th^  ':.  r  : :.- 
servations  with  the  sextant,  the  aidrud^  rr^^i:  i'^ 
leHscfiCd  \>j  the  horizontal  dip  ;  and  in  the  / . 
servations,  the  altitude  must  be  urr-^'u:,^  ut  th 
but  in  zenith  Utyninc^js  ntid  the  i\^  ioti.  /- 
subtract  them  hnctryfL  The  dip*  mar  b-::  *:i  ../ 
computed ;  for,  let  C  be  the  carthN  ccntrt,  £  ■  .2 
eye,  and  the  tangent  E7  msedng  the  iurf^i.:t:  :r.  , 
where  the  skv  and  water  seem  to  meet :  thri  C  h 
18  a  triangle  right-angled  at  ;,  in  which  arc  .«:r.  ..^a 
C  /  =  C  S  3=  the  earth's  se  nidiaraeter,  aaa  C  r-  = 
C  S  +  S  K  =s  the  sum  of  the  earth's  rajiia*,  arid  •:- 
height  of  the  eye  ;  then,  as  C  £  :  C  /  -  :  raiiui  :  L-.e 
C  by,  and  because  C £  F  is  a  right  an^L-,  rh j  c.:.-:- 
plement  of  C£  /  is  /  £F  measured  by  £     the  i>^ 

sought Amon<r  ihc  rcyuiJfite  tujfci  ther-;  ar- 

two  which  relate  to  the  rf//;  of' tht  Utrr^OH  ;  :hc  ^r.^ 
(Tab.  II.)  expresses  the  dip  to  different  heights  'A  •...i 
eye  from  i  foot  to  100,  when  the  horizon  i;  e:.  ;r  j'y 
open  and  free  from  intervening  objeccs,  a.s  viDp.  -i 
above  ;  the  other  (Tab.  V.>,  when  the  short  i ,  nc^r-jr 
the  ship  than  the  visible  horizon  would  be,  i:  i:  ;  jr^ 
uoconfmed,  in  which  the  dip  is  given  as  it  c\»rre>p^r:.:i 
to  altitudes  between  5  and  40  feet,  and  aAS-di^cei  ^j- 
tween  \  of  a  mile  and  6  miles. 

681.  Whenever  recourse  is  had  to  the  A'v/;//'./ 
Ahnan  t,  it  will  be  necci>sary  to  attend  to  the  jjrc  ,jr 
distinction  between  the  astronomical,  civil,  and  nauti. 
(al  mode  of  re^onin^  timei   the  mtttical  «  ^ 
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reckoning  Is  twenty-four  hours,  or  ope  airhole  day, 
and  the  civil  twelve  hours,  in  advance  of  the  astroocv- 
mical,  at  the  commencement  of  the  day.  Thus, 
April  27th,  8^  40'°  in  the  morning,  civil  time,  }8  April 
d6th,  20^  40%  astronomical  time  (Art.  109.),  and 
April  27th,  8^  40%  A.M.  nautical  time ;  also,  Apri} 
d7th,  8*^  40""  in  the  afternoon,  civil  time,  is  April 
27th,  8^,40™  astronomical,  and  April  28th,  8**  40", 
P.M.  nautical :  the  beginning  of  the  astronomical 
day,  the  noon  of  the  civil,  and  the  ending  of  the 
nautical,  being  at  one  and  the  same  instant,  under  the 

same  meridian Other  directions  and  remarks 

might  be  added  j  but  the  above  will,  we  hope,  suffice 
to  give  a  clear  view  of  the  subject ;  further  informa^ 
tion  may  be  met  with  in  works  written  expressly  oa 
the  longitude  *. 

♦  On  this  subjept  the  performances  of  Dr.  Macitty  and  Mr. 
Wales  merit  particular  coniniendation  j  Mr.  RohertsQm*s  NavTgattM^ 
and  Mr.  H,  Claries  Seaman's  Desiderata^  may  be  advantagcoustr 
consulted  j  and  several  papers  on  the  longitude  in  the  Phihsepk. 
Transactions  and  j^siatic  Researches  contain  very  useful  direction*. 
An  extensive  set  of  Ta6.es/or/acilitating  the  Calculations  ofNaaiical 
Astronomy^  has  heen  ju5t  published  by  'Joseph  dr  Atentioxa  Rios,  cs^. 
The  methods  of  finding  the  longitude  by  a  solar  eclipse^  and  bv  an 
9ccultation  0/ a  fixed  star  ty  the  moon,  are  not  *;iven  in  this  treati^, 
for  the  necessary  computations  in  each  are  much  more  tc.liouf  anH 
irksome  than  in  any  of  the  methorls  explained  in  this  chapter;  and. 
as  they  are  not  of  universal  application,  and  even  when  th<*y  can  he 
applied  are  not  more  accurate  than  either  the  ^th,  6th,  or  7th  me- 
thod, there  is  nothing  gained  to  compensate  tor  the  additional 
Jabour  and  fatigue* 
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On  the  Distances^  Magmtude^^  and  Xirmlnr  of 
the  fixed  Stars^  with  licjiections  on  their  yatiiri\ 
and  on  the  Immemity  of  the  Universe^ 


Art.  6SS.  WHEN  treating  upon  the  relative  si- 
tuations  and  appearances  of  the  Jued  stansy  in  the 
fourth  chapter  of  this  work,  we  did  not  attempt  to 
assign  their  real  distances  or  magnitudes^  because  it 
could  not  possibly  have  been  attempted  in  that  place^ 
without  assuming,  as  known,  manv  principles,  with 
which  a  person  on  the  entrance  of  his  astronomical 
studies  must  be  in  great  measure  unacquainted  ;  we 
therefore  deferred  this  part  of  the  enquiry  until  other 
truths  were  established,  which  will  enable  us  to  pursue 
it  with  greater  probability  of  success. 

68 J.  That  the  fixed  stars  are  placed  in  situations 
extremely  remote  from  us,  will  be  manifest  from  the 
consideration  that  even  their  annual  parallax  is  quite 
insensible,  or  at  least,  it  requires  the  most  ingenious 
contrivances  to  bring  it  in  any  way  under  our  notice  ; 
that  is  (Art.  630.),  the  diameter  of  the  earthN  orbit, 
which  has  been  shewn  to  be  190  millions  of  miles, 
bears  no  sensible  proportion  to  the  immense  distance 
of  the  fixed  stars.  Various  methods  have  been  in- 
vented for  investigating  the  annual  parallax,  but  none 
of  them  have  as  yet  horded  us  more  than  a  distant 
approximation*  The  method,  though,  which  was 
practised  by  Haok^  Flamsteed^  ^lolifneux^  and  Uruu- 
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lej/j  has  given  us  a  much  more  accurate  idea  of  the 
distance  of  the  stars  from  us  than  was  ever  derived 
from  any  previous  method.  Dr.  Bradley  says^  that 
if  this  parallax  had  amounted  to  a  single  second,  or 
two  at  most,  he  should  have  discovered  it  in  the 
great  number  of  observations  which  he  made  upon 
stars  near  the  zenith,  particularly  upon  r  DracanU ; 
^d  that  it  seemed  to  him  very  probable  that  the  an- 
nual parallax  of  this  star  does  not  amount  to  a  single 
second  ;  and,  consequently,  that  it  is  about  four  hun- 
dred thousand  times  farther  firom  us  than  the  sun. 

684.  Mr.  Michel  I  *  instituted  an  enquiry  into  the 
probable  parallax  and  magnitude  of  the  fixed  stars, 
from  the  quantity  of  light  which  they  afford  us,  and 
the  peculiar  circumstances  of  their  situation.  VHth 
this  view,  he  supposed  that  they  are,  on  a  medium, 
equal  in  magnitude  and  natural  brightness  to  the  sun ; 
and  then  he  proceeded  to  enquire,  what  would  be  the 
parallax  of  the  sun  if  he  were  to  be  removed  so  far 
from  us,  as  to  make  tlie  quantity  of  the  light  which 
we  should  then  receive  from  him,  no  more  than  equal 
to  that  of  the  fixed  star^.  Adopting  the  generally  re- 
ceived principle  that  the  nitensini  of  light  is  recipj^ 
calhj  as  the  square  of  the  distance  from  the  luminous 
pointy  he  found  that  if  the  sun  were  removed  to 
220000  times  his  present  distance,  he  would  still  ap- 
pear as  bright  as  saturn,  and  his  whole  parallax,  upon 
the  diameter  of  the  carth*s  orbit,  would  be  less  than  2^; 
and  this  he  assumed  for  the  parallax  of  the  brightest  of 
the  fixed  stars,  upon  ihe  supposition  that  their  light 
does  not  exceed  that  of  saturn.  This  ingenious  gen- 
tleman imagines,  that  the  quantity  of  light  we  receive 
from  .siriu.s'j  doc$  not  exceed  the  light  we  receive  from 
the  least  fixed  star  of  the  sixth  magnitude,  in  a  greater 
ratio  than  that  of  i  ooo  to  one,  nor  less  than  that  of 
400  to  one ;  and  the  smaller  stars  of  the  second  mag'. 

*  Philosophical  Transactions,  vol.  57, 
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xiltude  seem  to  be  about  a  mean  proportional  between 
the  other  two.  Hence  the  whole  parallax  of  the  least 
iixed  stars  of  the  sixth  magnitude,  supposing  them  to 
be  of  the  same  size  and  native  brightness  with  the 
sun,  should  be  from  about  7/"  to  j/^'^  and  their  dis- 
tance from  about  eight  or  twelve  million  times  that  of 
the  sun  ;  upon  the  same  supposition,  the  parallax  of 
the  smaller  stars  of  the  second  magnitude  should  be 
about  1 1'"^  and  their  distance  about  two  million  times 
that  of  the  sun. 

685.  Dr.  Herschely  to  whose  great  sagacity  and 
industry  astronomy  is,  on  many  accounts,  so  highly 
indebted,  has  proposed  a  method  by  means  of  double 
stars,  which  is  free  from  most  of  the  errours  peculiar 
to  other  methods,  and  is  of  such  a  nature,  that  the 
annual  parallax,  even  if  it  should  not  exceed  the 
tenth  part  of  a  second,  may  still  become  visible,  and 
be  ascertained  with  much  more  precision  than  here- 
tofore *.  This  method  was  first  suggested  in  an  im- 
perfect manner  by  Galileo^  and  has  been  since  men- 
tioned by  Mr.  Emerson  in  his  Astronomii^  and  by 
some  other  authours  ;  it  is  capable  of  every  improve- 
ment which  the  telescope  and  mechanism  of  microme- 
ters can  furnish.  Dr.  llerschel  premises  as  postulata 
two  principles  ;  first,  that  each  of  the  stars  is  about 
f he  size  of  the  sun  ;  and  secondly,  that  the  clf-fftn/ice 
in  the  apparent  magnitudes  of  the  stars  is  oxniig  to 
their  different  distances^  so  that  a  star  of  the  second^ 
third^  or  f(mrth  magnitude  J  is  about  twOj  three^  or 
four  times  farther  from  us  than  one  of  the  first. 
These  postulata  will  not,  we  suppose,  be  re  dily 
granted  by  every  one  ;  but,  if  the  mode  of  reasoning 
be  adopted  which  is  pursued  in  the  Doctrine  of 
Chances^  it  will  appear  that  they  have  considerable 
probability  in  their  favour,  and  may  therefore  be  ad- 
mitted in  an  enquiry,  respecting  which,  if  the  result 

should  not  be  perfectly  accurate,  it  will  in  no  shape 

■ 

*  Sec  Phil§t§phical  Transactions^  vol.  71.      Alag  Dr,HuUQji\ 
f^tb.  and  Phil,  bictionary^  Art.  Star* 
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affect  the  truth  of  any  of  our  previous  discus^ons,  all 
of  which  are  totally  independent  of  the  present  spe- 
culation. But  to  proceed  to  an  elucidation  of  thii 
method  :  Let  E  O  (fig.  1 6,  PI.  IX.)  be  the  whole  di- 
ameter of  the  earth's  annual  orbit,  and  let  I  and  B  be 
two  stars  of  unequal  apparent  magnitudes,  in  the 
6ame  plane  with  £  O  ;  then  th^  difference  between 
the  angles  I O  B,  I  £  B,  subtended  by  these  stars  at 
two  opposite  points  of  the  earth  *s  orbit,  or  between 
the  two  angles,  measured  at  the  distance  of  half  a 
year  from  each  other,  will  lead  to  the  determination 
of  the  parallax :  and  in  order  to  this,  two  stars,  or 
more,  should  be  chosen  which  appear  as  near  as  pos- 
sible to  each  other,  and  at  the  same  time  have  die 
greatest  difference  in  apparent  magnitude.  Let  A,B,C, 
be  three  stars  situated  in  the  ecliptic,  in  such  a  manner 
that  they  may  appear  all  in  one  line  O  A  B  C,  when 
the  earth  is  at  O.  Now,  if  O  A,  A  B,  B  C,  be 
equal  to  each  other,  A  will  (by  the  second  postub* 
turn)  be  a  star  of  the  first  magnitude,  B  of  the 
second,  and  C  of  the  third.  Let  us  next  suppose 
the  angle  O  A£,  or  annual  parallax,  to  be  i^;  then, 
because  very  small  angles  having  the  same  subtense 
E  O  may  be  estimated  in  the  inverse  ratio  of  the  lines 
O A,  OB,  O  C,  &c.  we  shall  have  £60  =  *', 
£  C  O  =  Y'i  ^c. :  also,  because  E  A  =  A  B  nearly, 
the  angle  A  E  B  =  A  B  E  =  t '^ ;  and  because  B  C 
zz^BO  =  |BE  nearly,  the  angle  B  E  C  = 
-1  BCE  =  ^f\  and  hence  A  E  C  =  i  +  ^  ==  I' :  from 
which  it  follows  that,  when  the  earth  is  at  £,  the  stars 
A  and  13  appear  at  V^  distance  fi  om  each,  the  stars  A 
and  C  at  ^/\  and  the  stars  B  and  C  only  ^^  distant.  In  a 
similar  manner  may  be  deduced  a  gtutral  expression 
for  the  parallax  that  will  become  visible  in  the  change 
of  distance  between  the  two  stars,  by  the  removal  of 
the  earth  from  one  extreme  of  her  orbit  to  the  other. 
Let  P  denote  the  total  parallax  of  a  fixed  star  of  the 
magnitude  of  the  M  order,  and  ;//  the  number  of  the 
order  of  a  smaller  star,  ^;  denoting  the  partial  paral* 
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lax,  to  be  observed  by  the  change  in  the  distance  cf 
a  double  star ;  then  drawing  a  A  perpendicular  to 
E  C,  we  have  p  :?  i  :  a  A  :EO  :  :  C  A  :  CO  :  : 

tn  —  M  :  m  :  hence  p  =  IZLL.  P,  or  P  :=     '"  ^'    * 


which  gives  P  when  p  is  found  by  observation. 

Ex.  Suppose  a  star  of  the  first  magnitude  should 
have  a  small  star  of  the  twelfth  magnitude  near  it ; 
then  will  the  partial  parallax  we  are  to  expect  to  sec,  be 

'*  "^  '  P  1=   —  P,  or  —  of  the  total  parallax  of  the 


la 


larger  star :  and  if  we  should,  by  observation,  find  the 
partial  paiallax  between  two  such  stars  to  amount  to  i^\ 


12 


then  will  the  total  parallax  P  =  —  />  zz  i  Vt»  Ag^i^> 
If  the  stars  be  of  the  third  and  twenty-fourth  magnitude, 
the  total  parallax  will  be  P  zz  ^  p  zz  ^  p=  ^p; 
io  that,  if,  by  observation,  p  be  found  to  be  ^'^  of 
^^second,  the  whole  parallax  P  will  be  --  zz  ci  1428^'. 

686.  Farther,  the  stars  being  still  in  the  ecliptic, 
suppose  they  should  appear  in  one  line,  wlien  the 
earth  is  in  some  other  part  of  her  orbit  between  E 
and  O  ;  then  will  the  parallax  be  still  expressed  by 
the  same  algebraic  formula,  and  one  of  the  maxima 
will  still  lie  at  E,  the  other  at  O ;  but  the  whole 
effect  will  be  divided  into  two  parts,  which  will  be  in 
proportion  to  each  other,  as  radius  —  sine,  to 
Tadius  4"  sine,  of  the  star's  distance  from  the  nearest 
conjunction  or  opposition. 

(>S7.  When  the  stars  are  any-whcre  out  of  tlic 
ecliptic,  situated  so  as  to  appear  in  one  line  (>  A  B  C 
perpendicular  to  E  O,  the  maximum  of  parallax  will 

Still  be  expressed  by     ""*    P ;    but  there  will   arise 

another  additional  parallax  in  the  conjunction  and  op- 
position,  which  will  be  to  that  which  is  found  90* 


47(5  Annual  Parallax  of  the  Stars. 

before  or  after  the  sun,  as  the  sine  (v)  of  the  latitude 
of  the  stars  seen  at  O,  is  to  radius  ( i ) ;  and  the 
effect  of  this  parallax  will  be  divided  into  two  parts ; 
balf  of  it  lying  on  one  side  of  the  large  star,  the 
other  half  on  the  other  side  of  it.  This  latter  paral- 
lax will  also  be  compounded  with  the  former,  so  that 
the  distance  of  the  stars  in  the  conjunction  and  oppo* 
ftition,  will  then  be  represented  by  the  diagonal  of  a 
parallelogram,  whose  sides  are  the  two  semipLxallaxes; 

a  general  expression  for  which  will  be    —       P 

t/T"+^,  or  J  p  s/  I  +  A*.  When  the  stars  arcm 
the  pole  of  the  ecliptic,  s  will  be  =  i,  and  the  last 
formula  will  be  i  p  v/  2  iz  7071  p. 

fiSi's.  Again^  let  the  stars  be  at  some  distance,  as 
5^,  from  each  other,  and  let  them  be  both  in  the 
ecliptic.  This  case  is  resolvable  into  the  first :  for 
imagine  the  star  A  to  stand  at  I ;  then  the  angle  A£I 
may  be  accounted  equal  to  A  O  I ;  and,  as  the  first 

TV.T 

formula  p  =  -^^ —  P,  gives   us  the  angles  A  £  B, 

A  R  C,  we  are  to  add  A  E  1,  or  5^  to  A  E  B,  which 
will  give  1  \\  B.  In  gene,  al,  let  the  angular  distance 
of  the  stars  be  d^  and  let  the  observed  distance  at  E 
be  D,  then  will  D  =  ^/  -+-  /?,  and  therefore  the 
whole  parallax   of  the  annual  orbit  will  t>e  expressed 

by-^^4l>^==P- 

^  m  —  M 

6'8.V.  Suppose  now,  the  stars  to  differ  only  in  lati- 
tude, one  being  in  the  ecliptic,  the  other  at  some 
distance,  as  ^^  north,  when  seen  at  O.  This  case, 
also,  may  be  resolved  by  referring  to  the  former  ;  for 
imagine  the  stars  B  and  C  to  be  elevated  at  right 
angles  above  the  plane  of  the  figure,  so  that  A  (>^B 
or  A  O  C  may  make  an  angle  of  5^  at  O  ;  then,  in- 
stead of  the  lines  O  A  B C,  EA,  KB,  EC,  imagine 
them  all  to  be  planes  at  right  angles  to  the  figure  j 
and  it  will  appear  that  the  parallax  of  the  stars  in  Ia(i7 
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gitpde,  must  be  the  same  as  if  the  small  star  had 
been  without  latitude.  And,  since  the  stars  B  C,  by 
the  motion  of  the  earth  from  O  to  F,  will  not  change 
thdr  latitude,  we  shall  have  the  following  construc- 
tion for  finding   the  distance  of  the  stars  A  B,  and 

A  C  at  E,  and  thence  the  paiallax  P. ^Let  the 

the  triangle  ab  $  (fig*  14,  PL  IX.)  represent  the  si- 
tuation of  the  stars  \  a  b  \%  the  subtense  of  $^j  the 
angle  under  which  they  are  supposed  to  be  seen  at  O. 
The  quantity  b  fi  \s  found  by  a  former  theorem  = 

^P,  which  is  the  partial  parallax  that  would 

have  been  seen  by  the  earth's  moving  from  O  to  E,  if 
both  stars  had  been  in  the  ecliptic ;  but,  on  account 
of  the  difference  in  latitude,  it  will  now  be  repre- 
sented by  a  By  the  hypothenuse  of  the  triangle  a  b  0i 
therefore  in  general,  putting  ab  ^=z  d^  at  /3  =  D,  we 

have rr  \/  D*  —  d^  rr  P.      Hence,   D  bein;^ 

found  by  observation,  and  the  three  (/,  w,  M,  being 
given,  the  total  parallax  is  obtained. 

6yO.  When  the  stars  differ  in  longitude  as  well  as 
latitude,  a  formula  for  the  parallax  may  be  obtained 
thus  :  Let  the  triangle  a  b  &  (fig.  15,  PL  IX-)  repre- 
sent the  situation  of  the  stars,  a  b  zi  d  being  their 
distance  seen  at  O,  «  ^  =  D  their  distance  seen  at  11. 
That  the  change  b  ^,  which  is  produced  by  the  earth's 

motion,  will  be  truly  expressed  by P,  may  be 

proved  as  before,  by  supposing  the  star  a  to  have 
been  placed  at  ».  Now  let  the  angle  of  position  /;  a  » 
be  taken  by  a  micrometer,  or  by  any  other  method 
sufficiently  exact ;  then,  by  resolving  the  triangle 
aba^  we  obtain  the  longitudinal  and  latitudinal  dif- 
ferences a  ft  and  b  a  of  the  two  stars.  Put  a  a  ^=s:  j'^ 
b  ft  =  j/,   and  it  will  be  a^  +  b  fi  sss  a  q^    whence 

Jf^^LzJl  py  +  J,*  =.  D;    and  P  = 


VD'-y'  —  x 
m 


-M      *"• 
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69 1  •  If  neither  of  the  stars  should  be  in  the  ecHp* 
tic,  nor  have  the  same  longitude  or  latitude,  the  last 
theorem  will  still  serve  to  calculate  the  total  parallax, 
whose  maximum  will  lie  in  K.  There  will  also  arise 
another  parallax,  whose  maximum  will  be  in  the  con- 
junction and  opposition,  which  will  be  divided,  and 
lie  on  different  sides  of  the  large  star ;  but  as  the 
whole  parallax  is  extremely  small,  it  is  not  necessary 
to  investigate  every  particular  case  of  this  kind ;  for 
by  reason  of  the  division  of  the  parallax,  which 
renders  observations  taken  at  any  other- time,  except 
where  it  is  greatest,  very  unfavourable,  the  fimnuLe 
would  be  of  little  use. 

692.  Dr.  Herachel  closes  his  account  of  this  theory, 
with  a  general  observation  on  the  time  and  place 
where  the  maxima  of  parallax  will  happen*  Thus, 
when  two  unequal  stars  are  both  in  the  ecliptic,  or, 
not  being  in  the  ecliptic,  have  equal  altitudes,  north 
or  south,  and  the  largest  star  has  the  greatest  longi- 
tude, the  viax'umim  of  the  apparent  distance  will  be 
when  the  sun's  longitude  is  90°  greater  than  the  star's, 
or  when  observed  in  the  morning  :  and  the  jninimumy 
when  the  longitude  of  the  sun  is  90^  les.s  than  that  of 
the  stiir,  or  when  observed  in  the  evening.  But  when 
the  smalt  star  has  greatest  longitude,  the  maxunum 
and  minimum,  as  well  as  the  time  of  observation, 
will  be  the  reverse  of  the  former.  And  when  the 
stars  differ  in  latitude,  this  iDakes  no  alteration  in  the 
place  of  the  maximum  or  minimum,  nor  in  the  rime 
of  observation  ;  that  is,  it  is  immaterial  which  of  the 
two  stars  has  tlie  greater  latitude. 

OJ),';.  Upon  the  whole,  there  is  reason  to  conclude 
that  the  decision  of  Dr.  Bradleij  (Art.  683.)  is  with- 
ni  the  limits  of  truth  :  we  may,  therefore,  set  down 
the  distance  of  y  draconh  at  400000  times  that  of 
the  sun,  and  the  distance  of  the  nearest  fixed  star, 
80000  times  that  of  the  sun,  or  40000  times  the  dia- 
meter of  the  earth's  orbit.  These  distances  arc 
immensely  great,  as  will  more  manifestly  appear,  by 
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findihg  the  rime  which  would  be  occupied  by  some 
movmg  body  of  great  velocity  in  passing  through  them. 
Light  passes  from  the  sun  to  the  earth  in  about  8 
minutes ;  yet  this  would  take  up  more  than  six  years 
in  travelling  from  y  draconis  to  the  earth  j  and  nearly 
a  year  and  a  quarter  in  passing  from  the  nearest 
fixed  star  to  the  earth.  A  cannon  ball  moving 
with  the  velocity  of  1760  feet  per  second,  or  20  mile* 
in  a  minute,  would  not  traverse  the  distance  from  the 
nearest  fixed  star  to  us  in  a  shorter  period  of  time 
than  one  million  one  hundred  and  twenttj^eiglit  thou- 
sand years  !  t 

694.  As  to  the  real  magnitudes  of  the  fixed  stars, 
there  is  but  little  prospect  of  our  arriving  at  any 
thing  like  certainty  on  that  head.  All  that  we  have 
any  reason  to  expect  is  a  mere  approximation,  and 
that  not  a  very  accurate  one  :  for  if  we  could  deter- 
mine the  annual  parallax  of  any  of  them  with  preci- 
sion, which  has  not  been  done  hitherto,  still  the  best 
and  most  complete  instruments  will  not  enable  us  to 
determine  their  diameter  accurately.  Conjectures 
have  sometimes  be:n  made,  from  a  comparison  of 
the  light  they  afford  us  with  that  of  the  sun,  and  it 
has  been  concluded  that  the  magnitude  of  the  stars 
does  not  differ  considerably  from  that  of  the  sun  :  this 
is  probably  not  far  from  the  truth  ;  but  it  would  not 
become  those  who  study  a  science  reared  on  demon- 
«tradon,  to  lay  much  stress  on  the  result  of  mere  con- 
jecture. 

6y5.  With  respect  to  the  number  of  the  fixed  stars, 
we  could,  almost  without  hesitation,  pronounce  it 
infinite.  The  number  that  may  be  seen  by  the  naked 
eye  does  not  exceed  3000,  if  it  extend  to  so  many  : 
but,  since  the  invenrion  of  telescopes,  it  has  beta 
found,  that  to  the  greater  perfection  these  instru- 
jtnents  are  brought,  the  greater,  in  a  very  high  pro- 
portion, is  the  number  of  the  stars  which  may  be  ob- 
served.   A  good  telescope,  directed  almost  indiffcr- 
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cntly  to  any  point  of  the  heavens,  discovers  mnlti' 
tudes  that  are  lost  to  the  naked  eye.  Dr.  HotJc^ 
with  a  telescope  twelve  feet  long,  reckoned  seventy*' 
eight  stars  in  the  single  constellation  of  the  Pleiades : 
and  F.  de  Rheita  with  a  better  telescope  discovered 
188  ;  whereas  we  cannot  reckon  above  seven  or  eight 
seen  by  the  naked  eye.  Galileo  found  eighty  stars  in 
the  space  of  the  belt  of  orion'^s  sword;  and  jt\de  Rheita 
observed  more  than  2000  in  the  whole  constellation 
of  orion^  of  which  not  more  than  seventy  or  eighty 
(Art.  70.)  can  ever  be  seen  without  glasses.  That 
bright  irregular  zone  the  iiiilky  way  (Art.  70.)  has 
been  very  carefully  examined  by  Dr.  Herschet;  who 
has,  in  the  space  of  a  quarter  of  an  hour,  seen  the 
astonishing  number  of  1 1 6000  stars  pass  through  the 
field  of  view  of  a  telescope  of  only  15^  aperture. 
Every  improvement  of  his  telescopes  has  led  to  the 
discovery  of  innumerable  stars  not  seen  before;  so 
that  it  seems  improper  for  us  to  set  bounds  to  thdr 
number. 

696*.  The  fixed  stars  do  not  appear  to  be  all  regu- 
larly disseminated  through  the  heavens,  but  the  greater 
part  of  them  are  collected  into  clusters ;  and .  it  re- 
quires a  large  magnifying  power,  with  a  great  quan* 
tity  of  light,  to  distinguish  separately  the  stars  which 
compose  these  clusters.  With  a  small  magnifying 
power,  and  small  quantity  of  light,  they  only  appear 
as  minute  whitish  spots,  much  like  small  light  clouds, 
and  thence  they  are  called  nthula\  The  numbers  of 
nebulae  was  formerly  imagined  to  be  about  103  ;  but 
Dr.  Herschely  early  in  ilie  year  1784,  had  disco- 
vered 469  more,  and  .^iuce  then  has  given  a  catalogue 
of  2000  nebula  wliich  he  has  discovered.  The  most 
careful  and  accurate  observations  give  great  reason 
to  conclude,  that  they  all  consist  of  large  masses  or 
clusters  of  stars  at  prodigious  distances  from  our  sys- 
tem. Dr.  Ilcrsc/icl  is  of  opinion  that  the  starry  hea- 
ven is  replete  with  these  ncbuUe,  and  that  each  of 
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them  is  a  distinct  and  separate  system  independent  of 
the  rest.  The  milky  way  he  supposes  to  be  that  par- 
ticular nebula  in  which  our  sun  is  placed  ;  and,  in 
order  to  account  for  the  appearance  it  exhibits,  he 
supposes  its  figure  to  be  much  more  extended  to- 
wards the  apparent  zone  of  illumination,  than  in  any 
other  direction  j  which  is  a  supposition  that  he 
thinks  allowable,  from  the  observations  he  has  made 
on  the  figures  of  other  nebulas. 

697.  This  idea  of  the  stars  being  formed  into  sys- 
tems*, had  indeed  been  previously  started  by  the 
ingenious  Mr.  Alichell^  in  a  paper  we  before  referred 
to  (Art.  684.) :  he  observed  that  there  were  many 
large  spaces  in  the  heavens  where  no  stars  were  to  be 
seen ;  and  others  in  which  a  number  of  very  consi- 
derable ones  appear  near  together,  in  the  midst  of 
several  smaller  ones.  Now  he  apprehends  that  those 
stars  which  are  found  in  clusters,  and  surrounded  by 
many  others  at  a  small  distance  from  them,  beloniif 
probably  to  other  systems,  and  not  to  ours.  Those 
stars  which  are  surrounded  with  nebula:,  are  pro- 
bably only  very  large  stars,  which,  on  account  of 
their  supcriour  magnitude,  are  singly  visible,  while 
the  others,  which  compDse  the  remaining  parts  of  the 
same  system,  are  so  small  as  to  escape  our  obser\  ;i- 
tion.  And  those  nebulae  in  which  we  can  discover 
either  none,  or  only  a  few  stars,  even  with  the  a  .- 
sistance  of  the  best  telescopes,  are  probablv  systeii. . 
that  are  still  more  distant  than  the  rest.     '1  his  geii^ 

*  M.  Lambert^  too,  in  the  second  part  of  hia  CosrKot^cny,  ha?  q.  r.*^ 
far  in  the  illustration  and  defence  ot'  a  similar  opiniun.  Ills  m.  '!<j 
of  discufsion  is  too  diffuse  to  admit  of  extract?  in  a  fninll  c(>mp.i<-  , 
the  work  is  therefore  reccmmcnded  to  the  attention  of  the  real  ■ . 
But  the  recommendation  must  In?  qualified  :  for,  at  the  san^•  tin  : 
that  the  fuhlimlty  and  extenr  of  this  author's  astronomiral  kriiiwli  i  •• 
enlighten  the  understanding,  and  the  brilliancy  of  his  gtrruj  c.'  -. 
forth  our  admiration,  his  proneness  to  indulge  the  most  rj.nni.' i. 
conceptions,  compels  us  to  read  with  caution,  and  somttin:'^  v.  tii 
pegcet. 
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tleman  conducted  part  of  liis  reasoning  neafly  a$ 
follows:    The  pleiades  are  composed  of  six  remark- 
able stars,  which   are  placed   in   the   midst   of   a 
niHnber  of  others,    that  are  all   between  the  third 
and  sixth  magnitudes ;  and  comparing  this  number 
sir  with  the  whole  number  visible  in  the  heavens  to 
the  naked  eye,  he  calculated,  by  the  doctrine  of 
chances,  that,  among  all  this  number,  if  they  had 
been  dispersed  arbitrarily  through  the  celestial  vault, 
it  was  about  jfive  hundred  millions  to  one,  that  six 
of  tifiem  should  be  pfaeed  together  in  so  small  a 
space.     It  is,  therefore,  so  many  chances  to  one  that 
this  distribution  was  the  result  of  design  \  or  that 
there  is  a  reason  or  cause  for  such  an  assemblage : 
and  in  a  universe  where  every  thing  appears  governed 
by  immutable  laws,  this  degree  of  probability  is  ex- 
ceedingly strong.  The  stars,  therefore,  which  are  thus 
grouped  are  most  probably  systems  analogous  to  the 
solar  one ;  and  our  sun,  who  ^^  appears  to  be  the 
lord  of  the  universe,  is  most  likely  only  a  star  which 
belongs  to  some  of  those  systems  that  are  interspersed 
through  the  regions  of  the  infinite  expanse.     This  is 
conformable  to  the  designs  of  Nature  in  all  her  ope- 
rations.     Our  planetary   system  demonstrates,  that 
she  unites  aiid  connects  several  bodies    together  in 
order  to  compose  a  whole  ;  and  it  is  highly  probable 
that    all   her   works  are  conducted  upon  the  same 
plan.'' 

()>)H.  Now,  a  necessary  consequence  of  this  hypo- 
thesis is,  that  these  different  systems  should  be  mu- 
tually balanced  among  themselves,  by  some  general 
principle  which,  with  its  influence,  pervades  the  whole: 
such  principle  wc  have  in  the  law  of  universal  gravi- 
tation, which  may  connect  together  these  innnrae- 
rablc  bodies,  and  reduce  their  motions  to  hannonv 
and  order.  The  learned  Dr.  llallcy^  conformably 
to  this  idea  conceived  the  whole  solar  system,  toge- 
ther with  ail  the  systems  of  the  stars,  to  be  in  moii^^n 
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round  some  point  which  is  the  common  centre  of 
gravity  of  the  whole.  In  pursuing  this  opinion  he 
makes  the  following  reflections :  "  If  the  number  of 
stars  be  finite,  and  occupy  only  a  part  of  space,  it 
will  follow  that  they  must  be  surrounded  by  a  void. 
But  as  this  void  can  have  no  action  upon  the  bo* 
dies  which  it  environs,  those  bodies  must  exert  all 
their  force  upon  each  other,  without  equilibrium, 
'  and  without  compensation.  Those  which  are  at  the 
extremities,  or  near  the  borders  of  the  void,  will  be 
strongly  and  continually  attracted  by  those  near  the 
centre;  and  these  efforts,  continued  and  multiplied 
through  a  number  of  ages,  must  at  length  draw  all 
the  suns  and  planets  into  that  point,  and  form  one 
immense  mass,  which  must  for  ever  remain  there, 
without  action  and  without  motion.  But  if,  on  the 
contrary,  the  number  of  stars  be  infinite,  and  the 
system  without  bounds,  all  the  forces  will  be  ba- 
lanced among  themselves  ;  the  suns  and  planets  will 
preserve  the  paths  prescribed  them,  and  the  order  of 
the  universe  will  be  perpetually  the  same  *.**  Opi- 
nions in  great  measure  similar  to  these  of  Dr.  /A//- 
/ey,  appear  to  have  been  entertained  by  philosophers 
nearly  2000  years  ago,  though  their  ideas  were  pro- 
bably very  confused  and  indefinite ;  but  that  they  had 
some  notion  of  the  celestial  bodies  being  influenced 
considerably  by  gravity,  is  evident  from  the  observa- 
tion of  Lucretius^  who  thinks  the  world  to  be  infi- 
nitely extended,  "  For  otherwise,"  says  he,  "  the 
bodies  that  are  on  the  outside,  would,  by  their  gra- 
vity, be  drawn  towards  those  on  the  inside,  and 
would  long  since  have  all  fallen  together  in  a  choa« 
tic  mass  in  the  middle." 

6*9<>.  Whether  all  the  bodies  in  the  universe  par- 
take of  some  general  motion  round  a  common  centre, 
as  well  as  continue  to  move,  by  the  established  laws, 

*  PbiUs9fbicalTransacti9ns,  No,  364. 
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about  the  particular  centre  of  each  system  ?  or  wfi«U 
ther  our  system  changes  its  situation  with  respect  to 
absolute  space,  while  the  stars  continue  fixed,  or  the 
stars  have  a  proper  motion  of  their  own,  while  the 
centre  of  the  solar  system  remains  at  rest  ?  are  ques- 
tions, the  decision  of  which  probably  falls  not  within 
the  scope  of  human  intelligence.  That  the  fixed 
stars  have  a  small  apparent  motion,  besides  those 
which  are  occasioned  by  the  earth's  diurnal  and 
annual  revolutions,  by  the  precession  of  the  equinoxes, 
the  aberration  of  light,  and  the  nutation  of  the  earth*s 
axis,  is  now  completely  ascertained  by  the  observa- 
tions of  Roemery  Mai/vry  Maskcliine^  and  Her^chet. 
Some  of  the  motions  observed  are  reconcileable  with 
the  supposed  motion  of  the  solar  system,  but  others 
are  of  a  nature  quite  contrary  to  what  ought  to  arise 
from  this  supposition  ;  nor  do  they  entirely  corre- 
spond with  any  other  hypothesis.  On  these  cotnpli- 
cated  and  mysterious  points  we  shall  probably  always 
float  in  uncertainty  ;  our  scanty  views  and  feeble  con- 
ceptions fall  far  below  the  range  of  such  enquiries;  that 
which  incontrovertibly  approaches  so  near  to  infinity, 
is  not^  perhaps,  to  be  comprehended  by  any  thing 
inferiour  to  injmilc  xcisdnjn. 

700.  In  determining  the  iiaiarc  ofthe  Jired  starjty 
we  are  able  to  make  somewhat  nearer  approaches; 
but  even  here  most  of  our  conclusions  will  be  deduced 
from  analogical  reasoning.  That  the  fixed  stars  are 
at  immense  distances  from  us,  is  manifest,  from  the 
fruitless  attempts  which  have  been  made  to  determine 
their  annual  parallax  :  we  may  safely  state  their  dis- 
tance from  us  to  be  sc\  eral  thousand  times  greater 
than  the  distance  of  gcorgium  siJus,  yet  they  shine 
with  much  more  brightness  and  splendour  than  thai 
planet,  whence  we  have  great  reason  to  conclude  that 
they  derive  not  their  light  from  the  same  source,  vix. 
from  the  sun  :  and,  if  they  derived  their  light  from 
any  luminous  body  which  was  near  them,  that  body 


Nature  of  the  fixed  Stars.  4  S .V 

would  certainly  be  visible  to  us,  as  well   as  those 
which  shone  with  the  borrowed  light :  it  is  natural, 
then,  to  suppose,  that  each  fixed  star  shines,  not  with 
a  reflected  light,  but  with  its  own  native  lustre.      To 
strengthen  this  opinion,  let  it  be  considered  that  the 
stars  appear  less  in  a  telescope  which  magnifies  two  or 
three  hundred  times,  than  they  do  to  the  unassisted 
eye;  for  they  appear,  when  viewed  through  the  instru- 
ment, as  mere  points :  now,  if  they  shone  by  bor- 
rowed light,  they  would  be  as  invisible  without  tele- 
scopes, as  the  satellites  of  jupiter  or  of  saturn ;  for 
these  satellites,  when  observed  with  a  good  telescope, 
appear  larger  than  fixed  stars  of  the  first  magnitude, 
when  viewed  in  like  manner.     Hence  we  infer,  that 
the  fixed  stars  shine  with  their  own  light :  and,  when 
their  immense  distances  are  taken  into  account,  we 
cannot  hesitate  to  admit  that  their  real   magnitude 
considerably  exceeds  that  of  any  of  the  planets.    The 
fixed  stars,  then,  seem  to  be  of  a  nature  very  similar 
to  the  sun ;   nay,  that  they  are  suns  in  realit}^  will 
scarcely  admit  of  a  doubt,  for  the  analogy  between 
them  may  be  traced  in  numerous  paniculars  :  the  sun 
turns  on  his  axis,  so  do  many  of  the  stars,  as  is 
known  from  observation ;  the  sun  has  spots  on  his 
surface,  so  have  many  of  the  stars ;  on  the  sun  these 
fipots  are  changeable,  so  they  are  on  several  of  the 
stars,  as  has  been  frequently  observed  by  Dr.  Ilerschct 
and  other  astronomers.     If,  then,  the  stars  are  of  a 
nature  similar  to  the  sun  in  these  particulars,  as  well 
as  others  which  are  not  now  mentioned,  is  it  not 
highly  probable  that  each  of  them  is   designed  to 
answer  purposes  like  those  for  which  the  sun  is  so 
admirably  fitted  ?   Is  it  not  reasonable   to  conceive 
that  each  star  is  the  centre  of  a  sj/.stcw,  and  has 
planets,  which  are  illuminated,  warmed,  and  cherished 
by  its  light  and  heat  ?  We  surely  cannot  imagine  that 
the  stars  were  formed  for  no  other  purpose  than  to 
cast  a  faint  light  around  the  earth,  especially  when  w  c 
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consider  that  we  have  incomparably  more  light  from 
the  moon  than  from  all  the  stars  together,  and  that 
innumerable  stars,  so  far  from  affording  us  lieht,  are 
not  even  discernible,  without  the  aid  of  the  best 
telescopes.  Let  it  also  be  considered,  that  if  our  sun, 
with  the  whole  system  of  planets,  moons,  and  comets, 
were  to  be  removed  to  the  distance  of  the  nearest 
fixed  star,  nothing  would  be  seen  but  the  sun,  which 
would  then  appear,  not  as  the  lord  of  the  system,  the 
source  of  universal  light  and  heat,  but  as  sifiu,s  or  as 
procyon^  brilliant  though  minute,  luminous  though 
diffusing  no  warmth.  Instead,  therefore,  of  looking 
upon  the  fixed  stars  as  a  curious  species  of  twinkling 
flames,  hung  up  in  the  spacious  canopy  of  heaven 
merely  to  ornament  it,  or  to  add  to  the  delight  of 
man  ;  let  us  suffer  our  conceptions  to  expand  till  they 
embrace  a  wider  field  of  contemplation ;  let  us  not 
be  accused  of  soaring  into  the  regions  of  fancy,  when 
we  speak  of  the  fixed  stars  as  bodies  of  magnitude  and 
brilliancy  equal  to,  or  greater  than,  the  sun,  placed 
not  only  at  vast  distances  from  us,  but  from  each 
other,  occupying  each  its  proper  situation  in  the  un- 
bounded immensity  of  space,  and  each  dispensing 
light  and  heat,  and  controlling  the  motions  of  a  system 
or  planets  and  satellites  which  traverse  their  respec- 
tive orbits  under  the  influence  of  laws  similar  to  those 
which  regulate  the  motions  of  the  bodies  in  our 
system. 

70 1 .  But  if  we  allow  the  existence  of  these  innu- 
merable planetary  and  stellar  worlds,  shall  we  be 
denied  the  pleasure  of  conceiving  that  they  have  inha- 
bitants ?  When  every  part  of  matter,  upon  which  we 
have  opportunities  of  making  observations,  is  found 
fitted  for  the  production,  nourishment,  and  growth  of 
living  creatures  peculiar  to  itself;  when  we  cannot 
meet  with  even  a  minute  portion  of  nature  which  lies 
waste  and  useless ;  but  when  not  only  seas,  lakes,  and 
rivers,  mountains  and  valleys,  trees  and  herbs,  grasstis, 
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>and  the  animals  which  feed  npon  them,  teem  with 
jife,  and  even  the  blood  and  humours  of  animals,  nay 
putrefactions,  all  produce  or  support  their  respective 
inhabitants ;  shall  we,  as  it  were,  in  direct  opposition 
;to  the  universal  voice  of  nature,  indulge  the  unreason- 
able notion,  that  the  most  numerous  and  most  stu- 
pendous bodies  in  the  universe  are  barren  and  void  ? 
iS  o  :  let  us  rather,  since  it  is  so  consonant  to  all  that 
is  grand  and  noble  and  reasonable,  look  upon  the 
greater  and  less  luminaries,  sun  and  stars,  planets  and 
satellites,  as  an  innumerable  multitude  of  habitable 
worlds  ;  let  us  consider  them  as  furnished  with  plants, 
herbs,  animals,  and  every  thing  necessary  for  the  sup- 
port or  delight  of  rational  beings;    let  us  not  be 
unwilling  to  admit  that  these  rational  beings  have 
faculties,  perceptions,  senses  ;  that  they  are  capable 
of  enjoying  pleasure,  and  suffering  pain  ;  that  they  are 
not  devoid  of  a  knowledge  of  useful  inventions,  or 
sublime   sciences-,   but  that   they  are  formed  with 
every  capacity  necessary  for  social  intercourse,  for  the 
employments  of  active  life,  and  for  the  exalted  exer- 
cises of  devotion.     But  we  forbear  to  proceed  farther 
in  the  path  of  speculation ;  though  on  a  subject  which 
plaices  before  us  such  unbounded  prospects,  it  is  next 
to   impossible   to   avoid  it :    even   the  known   and 
acknowledged  truths  of  astronomy  almost  stagger  our 
belief;  but  when  we  reflect  upon  millions  of  millions 
of  icor/dsj  placed  at  the  distance  of  millions  of  miles 
from  each  other,  and  the  whole  inhabited  by  millions 
of  millions  of  millions  of  rational  vreaturcs^  formed 
for  never-ending  felicity,  the  idea,  though  delightful, 
must   necessarily   be  vague  and  indefinite  ;    really, 
when  indulging  such  contemplations,  we  can  scarry  ly 
help  acknowledging,  that  all  our  science  is  as  nothin:;, 
and  that  we  have  yet  to  be  initiated  in  the  princip'c-s 
of  a  new  notation,  which  may  enable  us  to  compre- 
hend these  astonishing  numbers  *• 

♦  The  inquisitife  reader,  who  wishes  to  fcc  such  ui)rrtil,iti..n^ 
farther  pursuwl.  will  be  charmed  with  l\\e  y*«\\xvA  vA  \\u^>miin^x 
Comotbtorisy  w  C^MJectures  cmetning  the  Planjarj  V4  orWu 
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Art.  702.  WE  have  now  gone  through  our  en^ 
quiry  into  the  nature,  magnitudes,  and  motions  of 
the  heavenly  bodies :  it  remains  for  us  to  make  a  few 
reflections,  And  here  we  cannot  help  remarking  that, 
besides  the  obvious  tendency  which  the  study  of 
;istronomy  has  to  improve  the  powers  of  reason,  to 
lead  to  a  nearer  acquaintance  with  the  most  stupen- 
dous  and  amazing  scenes  in  the  universe,  and  thus 
to  enlarge  our  conceptions,  and  cherish  an  ardent 
desire  for  more  copious  draughts  of  real  and  useful 
knowledge  ;  it  also,  when  properly  pursued,  directly 
tends  to  meliorate  and  improve  the  heart.  We  do 
not  say  that  tlicse  beneficial  consequences  will  result 
from  a  mere  acquaintance  with  the  properties  of  lines, 
;ind  angles,  and  triangles,  and  circles,  or  with  a  fa- 
cility in  applying  the  principles  of  geometry  and  ana- 
lysis to  the  determination  of  cirlcstial  distances  and 
magnitudes ;  though  this  will  be  tar  from  a  useless 
exercise  for  the  faculties  of  the  mind  :  but  what  we 
mean  to  affirm  is,  that  the  truths  which  astronomy 
places  before  us,  when  rightly  attended  to,  lead  to  the 
advancement  of  wisdom  and  good  morals  ;  indeed 
we  could  almost  hazard  the  opinion,  that  they  incul- 
cate a  moralitv  infc;4our  only  to  the  excellent  mora- 
lity  of  the  gospel.  By  means  of  astronomy  we  may, 
as  the  ingeniou:;  Uiri^^.iis  rcmaiks,  "  mount  from 
this  dull  earth,  and  viewing  it  from  on  high,  consider 
Y'hether  Nature  has  laid  out  all  her  cost  an4  fincra 
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upon  this  small  speck  of  dirt.  So,  like  travellers  into 
other  distant  countries,  we  shall  be  better  able  to  judge 
of  what  is  done  at  home,  know  how  to  make  a  true 
estimate  of,  and  set  its  own  value  upon,  every  thing  : 
we  shall  be  less  apt  to  admire  what  this  world  calls 
great,  and  shall  nobly  despise  those  trifles  the  genera- 
lity of  men  set  their  affections  upon."  Surely,  if  any 
thing  can  eradicate  the  sentiments  of  self-conceit,  and 
instil  a  principle  of  humility,  we  may  hope  that  this 
desirable  end  will  be  effected,  at  least  in  a  consider- 
able degree,  by  recollecting  that  an  individual  is  only 
one  among  the  millions  of  intelligent  agents  who 
inhabit  one  among  the  many  millions  of  habital)lc 
worlds;  one  who,  to  an  eye  that  can  take  in  the 
whole  of  creation,  is  but  as  an  insect  existing  upon 
an  atom  of  earth.  Can  the  baneful  passions  of  envy 
and  avarice  be  fostered  in  the  breast  of  him  who  is 
convinced  that  even  the  wealth  of  the  Indies  is  as 
nothing,  when  set  in  competition  with  the  riches  of 
the  universe  ?  Can  he  who  has  frequently  contem- 
plated the  splendour  of  the  sun,  the  silent  majestv  of 
the  moon,  and  the  combined  lustre  and  glory  of  tlie 
starry  worlds,  give  way  to  ambition,  or  evince  an  ea- 
gerness to  attain  the  shadowy  distinctions  of  human 
grandeur  ?  or  can  he  who  has  adopted  the  persuasion 
diat  worlds  are  innumerable  and  their  inhabitants  in- 
finite, when  he  reflects  upon  the  blessings  and  bene- 
fits which  fall  to  the  share  of  one  minute  object  in 
the  immense  catalogue,  do  otherwise  than  re])re;;s  all 
repining,  to  make  room  for  the  swelling  sensations  ci 
eratitude?  But  gratitude,  it  must  be  acknowledged, 
implies  an  object  to  whom  it  is  due ;  we  thereloiL 
proceed  to  enquire,  whether  the  study  of  astronoiiiv 
does  not  furnish  us  with  the  most  satisflwiory  prooi 
of  the  existence  of  a  Being  to  whom  gratitude  is  justiy 
due  for  all  we  have  enjoyed,  or  ever  can  expect  to 
pijoy. 
703.  If  an  ancient  heathen  pr 
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tion,  was  so  convinced  of  the  dependency  of  the 
works  of  Nature  and  of  all  second  causes,  upon 
some  First  Cause,  as  to  make  the  inference  that 
"  y%e  highest  link  of  Nature's  chain  inast  be  at* 
inched  to  the  foot  of  Jupittj^s  throne**  ;  •  it  is  not 
unreasonable  to  expect  that  a  modern  enquirer  after 
truth,  with  present  advantages,  will  fmd  ample 
grounds  for  beHeving  that  there  exists,  distinct  from 
the  universe,  a  supreme  intelligent  First  Cause.  The 
arguments  generally  adduced  to  prove  that  there  is  a 
God,  are  distributed  Into  two  kinds :  arguments  i 
priori  J  or  those  taken  from  the  necessity  of  the  divine 
existence ;  and  arguments  a  posti  riori^  or  those  taken 
from  the  works  of  Nature.  The  first  kind  fall  not 
peculiarly  within  the  compass  of  this  undertaking; 
nor,  if  they  did,  would  they  be  exclusively  employed, 
as  the  proof  resulting  from  them  is  not  always  of  the 
most  satisfactory  nature:  the  second  kind,  on  the 
contrary,  afford  such  evidence  of  the  being  of  a  God, 
as  cannot  well  be  doubted  by  any  who  are  at  all 
swayed  by  the  force  of  truth.  And  when  the  exist- 
ence of  this  great  Being  is  shewn,  his  attributes  may 
be  inferred  from  a  union  of  both  these  kinds  of  argu- 
ments, which  forms  a  mhtrd  proof.  It  is  manifest 
that  the  universe  must  either  be  eternal,  or  brought 
into  existence  by  chance,  or  formed  by  the  power 
and  wisdom  of  a  supreme  inteUigent  Being.  Now,  if 
the  universe  be  eternal^  since  nothing  could  exist 
prior  to  it,  it  must  be  sclf'twistcnt ;  and  if  self-exist- 
ent, it  must  be  irnvuitahlc :  for  since  a  being  is  the 
same  with  all  its  properties  taken  together,  if  any 
property  were  taken  away  from  it,  a  part  of  the  be- 
ing would  perish,  which  is  inconsistent  with  its  being 
necessary  ;  or,  if  any  properties  or  parts  were  added, 
the  being  itself  would  not  be  eternal,  and  therefore 
not  necessarily  existent.     But  the  universe  has,  ve 

•  llvincr.    Sec  lUaO,  Book  IX. 
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are  certain,  undergone  considerable  changes:  many 
stars  of  great  magnitude  which  were  formerly  visible, 
are  now  no-where  to  be  found ;  and  many  stars  are 
now  visible  which  have  every  appearance  of  n^ w  ones : 
besides  this,  the  earth  we  inhabit,  as  appears  from 
the  most  authentic  histories,  has  undergone  material 
changes ;  and  from  our  own  observations  we  may 
assert,  that  it  is  incessantly  changing  :  hence,  then, 
we  infer  that  the  universe  is  not  Au/z-cr/AYt///,  and, 
consequently,  not  ttcvhal.     This  being  admitted,  it 
follows   that  the  universe  is   either  the  oifspriny  of 
chance,  or  the  result  of  design.     A  slight  survey  of 
a  few  parts  of  the  universe  will  compel  us  to  acknow- 
ledge that  there  exists  in  nature  a  certain  constant 
order,  which  is  totally  irreconcileable  with  all  our 
ideas  of  chance :  for  instance,  all  the  planets  and  sa- 
tellires  in  our  system  have,  ever  since  accurate  ob- 
servations  have  been  made  upon  the  n,  been  found 
to  move  in  conformity  to  a  regular  establisiied  pro- 
portion between  their  distances  from  the  sun  or  their 
respective  primaries,  and  the  times  of  their  revolu- 
tions :  they  are  always  found  to  revolve  about  their 
respective  centres  of  force,  with  such  a  variable  ve- 
locity, as  to  describe  equal  trilineal  areas  in  equal 
times,  whatever  their  distances  from  their  central  bo- 
dies may  be :  all  those  celestial  bodies  upon  v.  hich 
sufficient  observations  have  been  made  (and  probably 
all  the  rest),  are  of  a  spheroidical  form  :  the  con- 
stant  return  of  the  day  and  night  on  the  earth,  and 
each  of  the  planets,  is  occasioned,  not  by  the  sun  be- 
ing carried  round  the  planet,  but  by  the  rotation  of 
the  planet  upon  its  axis  ;  the  cause  of  the  variety  of 
seasons  is  very  simple,  for  it  is  occasioned  by  the 
axis  of  the  planet  being  inclined  to  the  plane  of  its 
orbit ;  and  the  regular  return  of  the  seasons  is  main- 
tained by  the  continuance  of  the  planet's  axis  in  a 
Situation  very  nearly  parallel  to  itself:  the  innuuicr- 
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able  multitude  of  the  fixed  stars  seem,  as  far  as  we 
can  determine,  to  be  of  the  same  nature,  and  each 
c^culated  to  answer  similar  purposes.  Is  it  possible 
to  conceive  that  such  marks  of  order,  such  invariable 
laws,  such  general  relations,  as  are  here  mendoned, 
and  many  others  which  must  suggest  themselves  to 
every  intelligent  mind,  should  spring  out  of  confu- 
sion, or  that  such  beauty  and  harmony  should  be 
produced  by  the  fortuitous  concourse  of  atoms? 
"  As  well,  nay  better,  and  more  easily,  might  we 
suppose,  that  an  earthquake  might  happen  to  build 
towns  and  cities  ;  or  the  materials  carried  down  by 
a  flopd,  fit  themselves  up  without  hands  to  make  a 
regular  fleet.  For  what  are  towns,  cities,  or  fleets, 
in  comparison  of  the  vast  and  amazing  fabric  of  the 
universe  !"  The  contemplation  of  these  various  rela- 
tions, of  these  unequivocal  marks  of  power  and  of 
design,  must  lead  to  the  persuasion  of  an  intelligent 
First  Cause :  for  the  greater  number  and  variety  of 
parts  there  are  in  a  whole,  all  concurring  to  a  com- 
mon end,  the  greater  is  the  probability  that  the  whole 
is  not  the  result  of  a  blind  chance  :  since  we  must  be 
satisfied  that  motion  is  not  essential  to  matter,  we 
can  place  neither  in  matter  nor  in  motion  the  effi- 
cient reason  of  what  exists ;  because  assigning  the 
efficient  reason  of  a  thing  is  not  simply  giving  a  cause 
to  that  thing,  it  is  assigning  a  principle  by  which  we 
may  clearly  conceive  why  a  thing  is,  and  for  what 
reason  it  is  as  it  is,  and  not  otherwise.  Now  it  is  only 
in  an  intelligent  self-existent  cause,  that  we  find  suffi- 
cient reason  for  the  mode  of  being  of  the  universe ; 
♦and  it  is  only  in  the  power  of  the  First  Cause,  that 
we  find  the  eflicient  reason  of  the  existence  or  actu- 
ality of  the  universe  :  we  therefore  conclude  that 
there  is  a  separate  invisible  Being  who  formed  all 
worlds,  and  this  great  Being  wc  distinguish  by  the  ap- 
pcllation — God, 


I  of  the  Supreme  Being.  403 

704.  The  preceding  reasoning  is  so  strongly  con- 
firmed by  Dr.  Vou/ig-  in  his  A'ii^'lit  Thotights^  that  we 
cannot  forbear  extracting  a  passage  : 

"  Whcnw  «rih  and  Iheae  bright  orbs  ?  —Eternal  ? 
"  Grant  mait^  was  ottrnil ;  fttill  ibett  urbs 
"  WouU  want  fonie  other  father ; — much  ili-sign 
"  Is  Ken  in  all  ihrir  mutium,  all  their  make* ; 
"  Design  implies  incdligenoe  and  art : 
"  That  ain't  be  from  theniselvcfl — or  man :  That  art 
"  Man  scarce  can  comprr-hend,  ctnild  man  bE;9tow  f 
"  And  nothing  greater  yel  allow'd  ihan  man. — 
"  Who,  motion,  foreign  lo  the  smallest  giain, 
"  Shot  through  vast  ma««of  coormoiw  wrigtill 
"  Who  bid  bnile  mnlicr's  rcalivc  lump  nifiune . 
"  Such  various  forni.i,  and  gave  it  wingn  ti>  11)-  ? 
"  Haa  matin tnual^  motion?  then  cadi  atom 


"  Haa  matter  none  ?  thei»  whence  Ihwc  gloriooi  r»niu, 

**  And  boundless  flighla,  trom  shnjicIcM  and  lepot'd  i 

''  Ha»  matter  more  tlian  molicin  ?  ha;)  it  Ibouglit, 

"  Judgmeni,  and  geniu*?  i»  it  Jfvply  Itam'd 

"  In  mathcraaticg  f  has  it  fr«m*d  such  Isws, 

"  Which,  but  to  gucM,  a  NzwTus  mtuJe  immortal? 

"  If  90,  how  each  sage  atom  laughs  a)  me, 

"  Who  think  a  clod  infcrinor  to  a  man  !  '  • 

*'  If  art  to  form;  and  cowild,   to  conduct; 

"  And  that  with  greater  far  than  hutiun  skill, 

"  Resides  not  in  each  block  i   aGuDUEAD  reigns." 

705.  If,  from  the  arguments  which  have  been  ad- 
duced, we  are  constrained  to  admit  the  being  of  a 
God,  we  must  also  allow  his  chief  attributes ;  for 
they  are  manifestly  deducible  from  his  existence,  or 
his  workmanship.  Thus,  as  to  his  ettniiti/ :  if  God 
made  all  things,  he  could  not  receive  being  from  ;iii- 
other ;  and,  as  a  being,  cannot  spring  up  from  ab- 
solute nothing  into  existence ;  and  besides,  as  some- 
thing must  of  necessity  be  eternal,  otherwise  noihing 
could  have  been  at  all ;  therefore  the  Maker  of  the 
World  must  be  eternal.  His  ojn/iipoli'iice  appears 
from  creation  itself;  for  no  effect  can  be  assigned  so 
gieat,but  be  is^ble  to  produce  it ;  it  is  impossible  to 
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conceive  of  any  power  greater  than^that  which  created 
the  universe;  and,  besides  this,  there  is  no  external 
power  to  limit  the  operations  of  the  Divine  Being ; 
he  must,  therefore,  be  omnipotent.     That  he  is  /»7- 
mortai  and  mimutahlc  obviously  follows  :  for,  since 
neither  his  existence,  nor  any  thing  pertaining  to  it, 
depends  upon  another  being,  we  cannot  imagine  that 
he  depends  on  any  other  being  for  his  continuance  or 
conservation :  and,  as  he  has  power  superiour  to  all 
things,  having  conferred  upon  them  whatever  power 
they  possess,  nothing  can   oppose  him,  or  make  any 
prevalent  impression  upon  him,  so  as  to  destroy  or 
change  any  thing  in  his  nature.     The  perfect  knau* 
'  ledge  of  God  appears  from  considering,  that,  since 
he  made  all  creatures,  he  must  know  all  that  relates 
to  them  ;  and  he  must,  by  consciousness,  know  him- 
self ;  he  therefore  knows  all  things.     He  is  also  pos- 
sessed of  the  highest  icisdoin  :  for  we  cannot  possibly 
conceive  of  any  more  exquisite  degrees   of  wisdom 
than  are  displayed  in  every  part  of  the  universe ;  we 
see  a  most  astonishing  subordination  of  means  to 
ends ;  and  the  more  man  becomes  enlightened,  the 
more  traces  he  discovers  of  wisdom  and  contrivance; 
which    are  exhibited,  cither  in  the  not  multiplying 
means  without  occasion,  or  in  the  choice  of  the  best 
possible  means  to  arrive  at  the  best  possible  end.   The 
iinitii  of  God  will  be  manifest  from  the   considera- 
tion, that  if  there  were  any  other  self-existent  being 
besides  him,  he  must,  in  all  respects,  be  equal  to  him; 
and  this  would,  in  effect,  limit  the  omnipotence  of 
God  ;  for  if  the  volitions  of  the  two  should  in  any 
respect  contradict  each  other,  which  hj  at  least,  po^- 
^ibU\y  the  one  would  be  a  restraint  upon  the  other, 
and  so  neither  wouM   be  omnipotent.     Or,  indeed, 
there  is  no  reason,  from  the  light  of  nature,  to  con- 
clude, or  even  to  iwcrj^ira'^  that  there  are  more  Ddries 
than  one  ;  for  such  an    hypothesis  would   not    solve 
any  appearances,  or  remove  any  difficulties,  but  what 
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f? 


Itiay  be  aolved  or  removed  upon  the  belief  of  one 
God :— K)ne  almighti/  and  alwise  Being,  is  able   to 
perform  as  stupendous  and  as  perfect  things,  as  could 
be  performed  by  a  thousand  such  beings,  if  we  could 
permit  ourselves  to  conceive  of  so  many.     The  un- 
bounded glory  and  nufjesty  of  God,  must  also  be  ac- 
knowledged ;  for  what  caa  be  so  glorious,  what  so 
majestic,  as  he  who  is  the  authour  of  all  that  is 
glorious,    as  the  great   Being    who    created   every 
thing  that  is  majestic?  And  as  to  the  goodness  of 
God,  it   is  loudly  proclaimed  in  the  admirable  laws 
established-^o  prevent  the  celestial  bodies  from  fall- 
ing upon  each  other,  and  thus  to  avert  the  destruction 
of  their  inhabitants  ; — to  maintain  the  regular  returns 
of  the  seasons,  and  thus  contribute  so  effectually  to 
the  comfort,  the  nourishment,  and  the   delight   of 
human  creatures ; — and,  in  short,  to  prevent  all  that 
would  be  ultimately  prejudicial,  and  promote  every 
thing  which  in  reahty  tends  to  man's  welfare  and  final 
good.     If  we  reflect  upon  the  excellency  of  his  na- 
ture, the  unlimited  extent  of  his  wisdom  and  power, 
the  abundance  of  his  goodness ;  and  consider   that 
these,  and  all  his  attributes,  are  continually  *  exerted 


♦  The  authour  is  well  aware  that  some  gentlemen  of  very  con- 
siderable talents  and  genius,  are  uawiiling  to  admit  the  necessity 
of  the  continual  superintendence  of  the  Deity:  he,  thert-ioit-, 
Uiinks  it  incumbent  upon  him  to  assign  one  of  the  most  torcibie 
of  those  arguments  which  have  induced  him  to  embrace  an  opi- 
aion  that  differs  from  the  opinion  of  gentlemen  to  whose  jiidg- 
tnent  he  is  always  inclined  to  pay  the  utmost  deference.  It  is 
demonstrable,  from  the  principles  of  mechanics,  that  fiom  alt 
aetion  of  body  upon  body,  mction  is  still  impaired^  and  the  quantity 
af  it  constantly  decaying  in  the  universe.  (See  Newton* s  Optiis, 
p.  373.  375.)  Now,  since  matter  cannot  re-excite  the  motion  ii» 
Itself;  it  follows  that,  as  an  immaterial  power  first  imprtsstd  n.  )- 
cion  on  matter,  so  it  still  rr-produccs  the  motion  lost,  and  n^rikc* 
Up  the  decays  sustained.  This  aigumcnt  is  urged  with  great  force 
and  ability  in  Andrew  Baxter* s  Enquiry  into  the  Nature  of  the  Human 
Soulf  and  Concluded  by  the  following  observation  :  ^*  I  wish  men 
would  examine  this  argument  on  ail  sides  >  and  if  they  cannot 
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in  preserving  every  part  of  that  immense  universe,  to 
which  he  gave  existence  ;  we  cannot  deny  his  rightful 
title  to  supreme  dovi'mion  :  but  must  immediatdy  ac- 
knowledge, that  all  adoration,  obedience,  and  vene- 
ration, are  justly  due  to  so  great  and  glorious  a  Be- 
ing. 

706.  To  pursue  the  subject  in  the  language  of 
Sir  Isaac  NiuU on  :  "  This  Being  governs  all  things, 
not  as  the  Soul  of  the  World,  but  as  Lord  aver  all ; 
and,  on  account  of  his  dominion,  he  is  wont  to  be 
called  Lord  God,  or  Universal  Ruler.  For  God  is  a 
relative  word,  and  has  respect  to  servants  ;  and  Deity 
is  the  dominion  of  God,  not  over  his  own  body,  as 
those  imagine,  who  fancy  him  to  be  the  Soul  of  the 
World,  but  over  servants.'  The  supreme  God  b  a 
Being  eternal,  infinite,  and  absolutely  perfect ;  but  a 
being,  hoxccverpeijecty  idihout  donihiianj  cannot  be 
said  to  be  Lord  God :  for  we  may  say  my  God,  your 
God,  the  God  of  Israel,  the  God  of  Gods;  my 
Eternal,  jour  Eternal,  the  Eternal  of  Israel,  the 
Eternal  ci  Gods :  but  we  do  not  say  my  Infinite,  or 


find  a  fault  in  it,  that  they  would  embrace  the  consequences  of 
it  with  a  philosophical  ingenuity.  I  am  of  opinion,  and  think  it 
would  be  easy  to  shew  it,  it  one  had  le  ^U!e  to  run  through  the 
several  particulars,  that  unices  an  inimaterial pc^wcriiomiiwydXXyxt" 
excited  motion  in  the  matcri.J  universe,  all  nsotion  would  stop  in 
il  in  a  uery  shcrt  time,  pe.haps  in  Ls^  than  half  an  hour,  except 
that  the  planets  would  runout  in  srrcighi-lined  directions.  And 
then  u^hat  a  f:ice  of  things  should  we  have  !  Darkness,  silence, 
and  unsuccessiive  rest.  For  certaii:ly  n  alter  of  itself  can  funut 
no  end,  obey  1:0  }arx\  tier  change  the  {iirccttcn  of  its  motion,  nor  any 
way  alter  its  present  state:  and  since  in  all  motions  in  the  universe 
an  end  is  pursued^  a  laiv  oheyd,  the  direction  charged ',  and  since  in 
all  the  remarkable  phenon  e  a  of  nature  there  is  a  circulation  of 
motion  ;  the  truth  of  what  I  here  suggest,  must  be  pretty  obvious 
to  any  thinking  person.*'     See  vol.  I.  p,  88. 

Having  thus  referred  to  Mr.Z^rt.r/^^'s  book,  the  authour  cannot 
help  remarking,  that  the  first  section  of  it  contains  the  most  in- 
genious and  satisfactory  demonstration  of  the  I'ii  inertia  of  mai- 
ler hf  recollects  having  ever  n.ct  with* 
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wy  Perfect ;  these  are  titles  which  have  no  respect  to 
servants,     llie  word  God  usually  signifies  Lord  ;  but 
every  Lord  is  not  a  God*     It  is  the  dominmi  oj  a 
spiritual  Being  which  constitutes  a  God  ;  a  true,  su- 
preme,  or  imaginary  dominion,  makes  a  true,  su- 
preme^  or  imaginary  God.     And  from  his  true  do* 
minion  it  follows  that  the  true  God  is  a  iirhh/^ 
intelligent  J  and  powerful  Being  ;  and  from  his  other 
perfections,  that  he  is  supreme^  or  most  ptrjeci.    He 
is  eternal  and  infinite,  omnipotent  and  omniscient ; 
that  is,  his  duration  reaches  J  rom  eternity  to  etern'utf^ 
his  presence  from  injinity  to  injinity  ;  he  goncrns  nil 
things^  and  knmvs  all  things  that  are  or  can  he  acvc. 
He  is  not  eternity  or  infinity,  but  eternal  and  infinite ; 
he  is  not  duration  or  space,  but  he  endures  and  is 
present.     He  endures  for  ever,  and  is  everj'-where 
present;   and   by  existing  always  and  every -where, 
constitutes  duration  and  space.     Since  every  particle 
of  space  is  always,  and  every  indivisible  moment  of 
duration  is   every-where,  certainly  the  Maker  and 
Lord  of  all  things  cannot  be  never  and  no-where. 
Every  soul  that  has  perception  is,  though  in  different 
times,  and  in  different  organs  of  sens^and  motion, 
still  the  same  indivisible  person.     There  are  given, 
successive,  parts  in  duration,  and  co-existent  parts  in 
space;  but  neither  the  one  nor  the  other  in  the  person 
of  a  man,  or  his  thinking  principle  ;  and  much  less 
can  they  be  found  in  the  thinking  substance  of  God. 
Every  man,  so  far  as  he  is  a  thing  that  has  perception, 
is  one  and  the  same  man  during  his  whole  life,  in  all 
and  each  of  his  organs  of  sense.     God  is  one  ami  the 
Mme  Gody  always  and  coeryAvhei'C.    He  is  omnipre- 
sent, not  virtually  only,  but  also  substantially  ;  for 
virtue  cannot  subsist  without  substance.     In  him  are 
all  things  contained  and  moved;  yet  neither  affect^ 
the  other :  God  suffers  nothing  from  the  motion  of 
bodies ;  bodies  find  no  resistance  from  the  omnipre- 
sence of  God.    It  is  allowed  by  all,  that  the  su^t^vwc 
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God  exutt  «€ieestarily^  and  by  the  tune  tMetebjr  it 
ffidsts  alwws  and  mery-vhere.  Hance  akalie  is  aH 
pmilar,  all  eye,  all  ear»  allbrain,  aUann,  all 
feo  (lercdvCf  to  imderstuid,  andto  act;  hix ka 
Mr  not  at4^  bumaoy  ia  a  maaadr  not  ak  all  corpiv 
unly  ia  a  manner  utterly  unkaowa  to  va»  iU  iiUM 
piaa  hasao  idea  of  colour^  so  have  vead  Meaof  the 
loaaaer  by  which  the  allvise  God  percoresaad  uaioEw 
ito^  aU  thiagi.  He  is  utteriy  toid  of  all  body  a4 
bodily  figure,  aad  caa  therefoie  aekher  he 


l^card,  aor  touched ;  aor  ought  he  to  be  ivarslqMd 

of  any  corporeal  tliiag.  we 


.  the  representatioa 
have  ideas  or  his  attributed,  but'what  the  real  an^stiiaft 
of  any  thiagis^  we  know  not*  la  bodies  weaeeaaly 
their  figures  aad  jpolours^  we  hear  oaly  tfaa  aoand% 
we  touch  only  their  outward  surfaces,  we  ameil  eab 
the  odoars,  aad  taste  the  savours,  but  thdr  iawai4 
substances  are  not  to  b^,  known,  either  by  our  adise% 
or  by  any  reflex  act  of  our  minds ;  much  /r^,  Mrv, 
lutct  we  any  idea  of  the  mbstance  of  Godm  We 
know  him  only  by  his  properties  and  attributes,  by 
his  most  wise  and  excellent  contrivances  of  thingv 
and  by  final  causes ;  we  admire  him  for  his  pcrfcc* 
tiom^  but  we  mcnnce  and  adore  him  on  account  of 
his  dommiotu  For  we  adore  him  as  his  servants }  and 
a  Godzdthout  dominion,  proroidtiice J  andjinal  causcff 
w  nothinsc  else  than  fate  and  nature.'^ 

707-  Before  we  conclude,  we  cannot  help  takii^ 
notice  of  one  circumstance  which  appears  to  hare 
been  designed  by  the  Authour  of  Nature  i  he  has  to 
constituted  things,  that  it  is  impossible  for  the  inha« 
bitants  of  the  earth  to  have  any  communication  sridi 
any  other  bodies  in  the  solar  system ;  aor,  on  tbe- 
suppcsition  that  those  other  bodies  are  inhabited  with 
qreatures  whose  faculties  and  perceptions  are  not  much 
superiour  to  ours,  can  they  have  any  communication 
with  this  or  any  other  planet  i  in  like  asaaner^  all 
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pommunicatioii  between  system  and  system,  appears 
to  be  totally  precluded.  Even  in  respect  of  the  body 
with  which  the  earth  is  most  nearly  connected,  namely^ 
the  moon,  almost  all  that  we  know  is  little  more  than 
conjecture,  which  telescopic  observations  have  induced 
ps  to  indulge:  we  conclude  without  hesitation,  that 
the  moon  has  mountains  and  volcanoes,  valleys  and 
6eas,  and  there  is  much  reason  to  suppose  it  is  sur« 
rounded  with  an  atmosphere  ;  nay,  farther  than  this 
the  analogy  between  this  body  and  the  earth  might 
be  drawn :  but  whether  the  analogy  is  rendered  com- 
plete, by  the  moon  being  the  habitation  of  rational 
creatures^  is  an  enquiry,  respecting  which  we  cannot 
mttempt  to  advance  beyond  the  bounds  of  probable 
conjecture,  at  least  in  the  present  state  of  our  exist-- 
ence.  So  also,  with  regard  to  jupiter  and  saturn, 
and  in  some  measure  to  all  the  planets,  we  observe 
much  that  raises  an  ardent  curiosity,  which  cannot 
here  be  gratified :  What,  for  instance,  are  the  belts 
upon  the  body  of  jupiter  ?  What  is  the  ring  of  satum  ? 
What  beneficial  consequences  do  they  produce?  If 
there  are  any  inhabitants  upon  these  planets,  how  are 
they  affected  by  these  beUs^  or  this  ring  ?  To  such 
questions  we  can  receive  no  satisfactory  solution.  So 
that,  after  all  the  inventions  of  men  of  genius,  the 
investigations  of  men  of  science,  and  the  reiterated 
experiments  and  enquiries  of  men  of  industry  and 
skill,  our  knowledge  is  very  limited  and  imperfect* 
Yet  there  exists  in  the  human  mind  an  earnest  desire 
to  make  farther  advances  in  knowledge,  to  enlarge 
the  sphere  of  understanding :  either,  then,  this  desire 
is  planted  in  the  mind  in  order  to  be  frustrated,  and 
the  most  exalted  part  of  the  creation  is  always  to  be 
imperfect  and  defective,  or  we  may  look  forward  to  a 
future  state,  as  a  sequel  to  the  present,  where  our 
desires  will  be  completely  gratified,  and  the  beautiful 
scheme  of  nature  fully  unfolded  and  explained  in 
every  part*    The  latter  is  most  consistent  with  all  our 
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ideas  of  the  wisdom  and  goodness  of  the  supreme 
Being ;  we  must  therefore  consider  our  present  state 
as  only  the  dawn  of  our  existence,  a  state  of  prepar- 
ation for  something  far  more  exalted  and  grand  than 
any  thing  the  eye  hath  beheld,  or  the  most  lofty  ima- 
gination hath  conceived.  We  may,  however,  e\'en 
now,  form  extensive  and  noble  conceptions  of  the 
immensity  of  the  universe,  and  of  the  unbounded 
power  and  wisdom  of  the  Almighty  Creator  j  and  we 
may  look  forward  to  the  happy  period  when  we  shall 
drink  full  draughts  from  the  fountain-head  of  know- 
ledge  J  rejoicing,  above  all  things,  that  our  hope 
rests  not  upon  ingenious  speculations,  but  that 
"  God  hath  brougkt  life  and  immortalittf  to  light 
"  through  the  Gospei." 
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TABLE  L 

Sun^s  Longitude  for  the  Noon  of  every  Dai/ 

in  the  Year  1802. 
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15 

2  49 
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14  0  21 

5 
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16 

3  37 
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6 

15  33  2 

17 

4  24 

15  15  11 

15  58  20 

7 

i6  34  14 

18 

5  10 

16  15  10 

16  57  15 

8 

17  35  25 

19 

5  54 

17  15  7 

17  56    9 

9 

18  36  36 

20 

6  36 

18  15  1 

18  55     0 

10 

19  37  46 

21 

7  16 

19  14  53 

19  53   49 

11 

20  38  55 

22 

7  55 

20  14  43 

20  52  35 

12 

21  40  3 

23 

8  32 

21  14  31 

21  51  V) 

13 

22  41  11 

24 

9  7 

22  14  16 

22  50  1 

U 

23  42  18 

25 

9  40 

23  13  59 

23  48  40 

15 
16 

24  43  23 

26 

10  11 

24  13  40 

24  47  18 

25  44  28 

27. 

10  41 

25  13  18 

25  45  53 

17 

26  45  33 

28 

11  9 

26  12  54 

26  44  26 

18 

27  46  :i6 

29 

11  35 

27  12  28 

27  42  58 

19 

28  47  39 

H 

12  0 

28  11  59 

28  41  27 

20 

29  48  41 

1 

12  23 

29-11  29 

29  39  55 

21 

ZS   49  42 

2 

12  45 

nr  10  57 

«  38  21 

22 

1  50  43 

3 

13  5 

1  10  23 

1  36  45 

23 

2  51  43 

4 

13  24 

2  9  48 

2  35  8 

24 

3  52  43 

5 

13  42 

3  9  10 

3  33  30 

25 

4  53  42 

6 

13  58 

4  8  31 

4  31  50 

IT 

5  54  40 

7 

14  12 

5  7  50 

5  30  9 

27 

6  55  37 

8 

14  26 

6    7    7 

6  28  26 

28 

7  56  35 

9  14  38 

7    6  23 

7  26  41 

29 

8  57  31 

8  5  37 

8  24  56 

30 

9  58  26 

9  4  49 

9^23  8 

^ 

10  59  21 
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MAT 

JUNE 

JULY 

AUG.    1 

8 

n 

So 

a 

ti           f           0 

off 

0   '  f 

• 

#  f 

I 

10  21  19 

10  t?  2 

8  50  40 

8  26  19  1 

2 

11  19  29 

11  9  31 

9  47  54 

9  23  47  t 

3 

12  17  37 

12  6  58 

10  45  7 

10 

21  16 

'4 

13  15  43 

13  4  24 

11  42  21 

11 

18^45 

5 

• 

14  13  47 

14  1  49 

12  39  34 

12 

\6  16 

'6 

15  11  49 

14  59  12 

13  36  47 

13 

13  46 

7 

16  9  50 

15  56  35 

14  33  50 

14 

11  18 

8 

17  7  48 

16  53  56 

15  31  12 

15 

8  50 

.9 

18  5   45 

17  51  17 

16  28  24 

16 

6   23 

10 

11 

19  3  40 

18  48  36 

17  25  36 

17 

3  57 

20  1  33 

19  45  55 

18  22  48 

18 

1  32 

12 

20  50   24 

20  43  12 

19  20  1 

18 

59     8 

13 

21  57   13 

21  40  29 

20  17  13 

19 

56  45 

U 

22  55  1 

22  37  44 

21  14  25 

20 

54  23 

15 

1e 

23  52  47 

23  34  59 

22  11  38 

21 

52  3 

24  50  32 

24  32' 14 

23  8  52 

22 

49  44 

17 

25  48  15 

25  29  28 

24  6  6 

23 

47  26 

18 

26  45  56 

26  26  42 

25  3  20 

24 

45  11 

19 

27  43  37 

27  23  56 

26  0  35 

25 

42  57 

20 
21 

28  41  17 

28  21  10 

26  57   51 

26 

40  44 

29  38  55 

29  18  23 

27  55     8 

27 

38  34 

22 

n  36'  33 

25  15  36 

28  52  26 

28 

36  25 

23 

1  34  9 

1  12  50 

29  49  45 

29 

34  18 

24 

2  31  45 

2  10  4 

a  47  5 

»R 

32  13 

25 

3  29  20 

3  7  17 

1  44  26 

1 

30  10 

26 

4  26*  54 

4  4  31 

2  41  48 

2 

28  9 

27 

5  24  28 

5  1  45 

3  39   11 

3 

26  9 

28 

6  22  1 

5  58  59 

4  36   35 

4 

24  n 

29 

7  19  32 

6  56   13 

5  34  0 

5 

22  14 

30 

8  17  3 

7  53  27 

6  31  25 

6 

20  19 

l3l 

5)  14  33 

7  28  52 

7 

18  26 
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6  33  !+ 

9  32  3() 

9  3ff  37 

:J 

10   12  54 

9  33  33 

10  33  30' 

10  40  3> 

\ 

11   n     6 

II)  ;U  43 

11  23  48 

U    41     IK 

^ 
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6 
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7 

U     5  51 

13   7'J  34 
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8 
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9 
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10 
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17  47    9 

n 

17  59  13 
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IS  24  53 

13  4S    10 

IC 

18  57  38 

18  26  10 

19  25  17 

19  49  13 

13 

19  50"     4 

19  3.'.  .17 

«il  35  44 

20  50  15 

14 

^0  54  33 

30  35     ff 

21  atf  12 

21  51    19 

15 

21  53     3 

31   24  3B 

23  3(1  43 

22  53  35 
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22  24   12 

23  27   15 

i^  53  30 

17 

33  50  1 1 
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24  27  43 

24  54  37 

IS 
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3*  23  37 

■25  28  34 

25  55  45 

19 
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20 

•m  4d'  10 
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37  58     3 

"aT 
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37  32  37 

28  30  23 
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23 

3fi  43  41 

38  33  25 

■29  31     6 

Vf     0  34 

23 

3y  43  ;io 

29  22  IS 
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I      1  :•J(^ 

2-t 

.£%  41    31 
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I  33  57 

2     2  47 

35 

1   4U   14 

1  n    2 

3  33  34 

3    3  59 

~^ 

3  33  10 

3  31  5<) 

3  31  13 

4     5  13 

27 

3  38     7 
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4  35     3 

5     6  34 

'Z& 

4  37     7 
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5  35  54 
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3y 
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M 
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The  Sun'*  DecUnatim  to  every  Degree  of  hi* 
Latitude, 
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14  49  52 

21  58  30 

20 

11 

4  21   17 

15     8  40 

22     7     6 

19 

J3 

4  4+  57 

15  37  13 
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23  16  53 

7 

'34 

9  19  17 

18  47  38 

23  19  50 

6 

25 

9  41   19 

19    2  18 

23  22  20 

5 

26 

10    3  13 

iq  16  37 

23  24  23 

4 

27 

10  24  !iG 

19  30  35 

23  25  57 

3 

28 

10  46"  30 

19  44  13 

23  27     5 

2 

29 

n     7  53 

19  57  30 

23  27  46 

1 

30 

11  29     5 

20  10  35 

23  28     0 

0 

O  Dcclin. 

G   Declin. 

O  Declin. 
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Sun^s  Right  Ascension  in  Time  to  every  Degree 
oJ_  his  Lijiigiludf. 

[Greatest  Oblig.  Eclip.  23*  28'.] 
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TABLE    VI. 

Equation  of  Time  for  each  Degree  of  the  Sun't 

Longitude. 
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:  Moon's  apparent  Diameter  to  every  10  Second* 
qf  the  Eqitatoraal  Parallax. 
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EXPLANATION 


OF   THE 


TABLES 


TABLE  I.  contains  the  sun*s  longitude  for  the 
noon  of  every  day  in  the  year  1802  :  this  year  was 
chosen,  because  it  is  the  second  from  leap  year,  and 
will,  therefore,  correspond  more  nearly  to  the  sun*s 
real  longitude  for  each  day  of  a  series  of  a  few  years, 
than  a  table  would  which  contained  the  longitudes  for 
every  day  on  the  year  before  or  after  leap  year.     If 
tables  of  the  sun's  longitude  for  four  years  had  been 
given,  they  would  not  answer  for  any  great  length  of 
time,  because  the  sum  of  four  years,  one  of  which  is 
a  bissextile,  does  not  e^ctly  equal  four  sidereal  years. 
This   table,  however,  though   not   perfect,  may  be 
useful ;  for,  from  the  longitudes  here  given,  the  sun*s 
right  ascension  may  be  deduced  sufficiently  exact  to 
find  the  culminating  of  any  star,  by  subtracting  its 
R.  A.  from  that  of  the  sun  ;  and  by  these  means  tlie 
star  may  be  known.     The  longitude  for  any  interme- 
diate time  between  the  noons  of  two  given  days  may 
be  readily  found  by  proportion ;  thus,  to  find  the 
«un's  longitude  on  May  3d,  1802,  at   4   o'clock. 
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Long.  May  4,  noon  «  13^  53'  43^ 
Long.  May  3,  noon  b  12    17  37 

Difference  for  i  day    i   46     6 


As34**"-i^46'6^ 
;  :  4h  :  if  41^ 


JHence  12^  17'  37''''  +   if  ^\^^  =  12''  35^  18' of  «, 
sun's  longitude  at  the  given  hour. 

Table  II.,  which  contains  the  stoi^.s  declbmfinn  to 
each  degree  of  his  longitude,  will  be  very  useful  in 
conjunction  with  the  former.  Each  of  the  2d,  3d,  and 
4th  columns  contains  the  declinations  corresponding 
to  every  degree  of  four  signs  of  the  sun's  longitude} 
thus,  the  2d  column  shews  the  declination  answer- 
ing  to  each  degree  of  aries  and  libra,  by  reckoning 
from  the  top  of  the  page  to  the  bottom,  and  the 
declination  to  each  degree  of  virgo  and  pisces,  esii* 
mating  from  the  bottom  to  the  top :  it  will  also  be 
seen,  that  the  declinations  in  this  column,  correspond- 
ing  to  the  different  points  of  aries  and  virgo,  arc 
v  r.hy  and  those  answering  to  the  several  points  of 
libra  and  pisces,  sui^:.  .  Ihe  method  of  finding  the 
declination  for  any  given  time  may  be  shewn  by  an 
example ;  thus,  to  determine  the  declination  on  May 
3d,  1802.  at  4''  P.M.:  the  longitude  wc  have  found  to 
be  12°  35'  18'  of  c,  and  the  declination  agreeing  to 
13''  of  b  is  15°  45'  30^'  N.  the  dec.  to  12'' of  ^  15° 
27'  13^',  their  difference  18'  17^';  then  60'  :  18'  i-* 
:  :  35'  18'':  10'  13^^;  wherefore  15^"  27'  13''  +  10'  13' 
=  15°  7,y^  2&'  north,  the  declination  sought.  .  .  . 
When  the  place  is  not  on  the  meridian  of  Greenwich, 
the  declination  may  be  found  by  adding  to,  or  sub- 
tracting from,  the  given  time,  the  time  corresponding 
to  the  difference  of  longitude  (according  to  the  kind 
of  longitude  and  declination),  and  then  proceeding  as 
above.  Where  the  differences  are  not  tolerablv  uni- 
form, and  whtn  great  accuracy  is  required,  recourse 
piust  be  had  to  the  method  of  interpolation. 
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Table  IIL,  containing  the  sun^s  riglU  a^ccMshmsf^ 
requires  no  explanation ;  the  R.  A/s.  for  any  given 
time  may  be  determined  in  the  same  way  as  the  de- 
clinations :  if  they  are  wanted  in  degrees,  &c  hjy 
may  be  found  by  multiplying  the  tabular  R.  A.'s 

Table  IV,  contains  the  sun's  seintdiamjfer  and 
Jwurljf  motion  for  every  ten  degrees  of  mean  ano- 
maly ;  they  may  be  readily  found  for  aiiy  interme- 
diate degrees  by  proportion.  From  :l:c  table  it  appears 
that  the  semidiameter  of  the  sun,  when  it  is  greatest 
in  perigee,  is  1 6'  1 9'^, and  when  least  in  apogee,  1 5'  47  , 
their  oiflFerence  being  32^'';  the  diflference  between 
the  greatest  hourly  motion,  when  the  sun  is  in  peri- 
gee, and  the  least,  when  he  is  in  apogee,  is  lo"''.  I'he 
use  of  this  table  is  greatest  in  the  calculation  of 
eclipses ;  it  may  be  exemplified,  by  finding  the  sun*s 
apparent  semidiameter  and  hourly  motion,  on  Aug. 
27,  1802,  when  there  will  be  a  solar  eclipse,  partly 
visible  at  Greenwich.  The  place  of  the  sun's  apogee 
is  nearly  9^  of  cancer,  which  ans>yers  to  the  2d  of 
July  .  Tab.  I  ^ ;  this  day  is  56  days  before  the  day  of 
the  eclipse :  the  mean  anomaly  may  be  found  suffi- 
ciently near,  by  saying,  as  365"^  :  ^ro®  :  :  56"^  :  55  - 
n:  I  25i** :  to  this  we,  by  p  oportion,  find  15^53^ 
the  corresponding  semidiameter,  and  2'  25^  the 
hourly  motion 

Tabi-e  V.  exhibits  the  v/zz/'v  ;//c'77  parnHui  for 
each  5**  of  apparent  altitude:  in  cases  of  great  accu- 
racy, the  parallax  for  any  intermediate  altitude  may 
be  determined  by  proportional  differences,  as  in  the 
other  tables.  The  parallax  must  be  (uldcd  to  the 
apparent  altitude,  to  give  the  true  altitude. 

Table  VI.  of  the  c////  /:..•//  oj  nn/c,  shews  that 
equation  for  every  degree  of  the  sun's  longitude,  and 
will  answer  tolerably  nearly  for  the  days  v/hen  the 
sun  has  those  longitudes.  The  equations  with  the 
sign  +  are  to  be  audcd  to  the  apparent  time,  to  ha.e 
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the  mean  time ;  those  with  the  sign  -— ^  are  to  be 
subtraxtta  from  the  apparent  for  the  mean  time. 

Table  VII.  shews  the  mooifis  diameier  to  every 
lo'^  of  the  cquaioreal  parallcx ;  hy  it  wc  may 
also  find  the  equatoreal  parallax  to  different  dia- 
meters. Where  great  precision  is  wished  for,  the 
equatoreal  parallax  must  be  reduced  to  the  horizontal 
parallax  in  any  given  latitude,  or  the  contrary.  This 
may  be  done  with  all  desireable  accuracy  by  the  fol- 
lowing theorem  :  put  t  zzi  the  semi-axis  major,  c  =  j 
the  semi-axis  minor,  s  and  r  the  sine  and  co-sine  of 
the  latitude  of  the  place  of  observation,  and  p  the  sine 
of  the  horizontal  polar  parallax,  the  equatoreal  pa- 
rallax being  always  to  the  polar  parallax,  as  10C43S 

to  1 00000;  then  J     ,        -7  =  the  sine  of  the  hori- 

zontal  parallax  at  the  given  latitude.  The  parallax 
obtained  by  this  theorem  will  sometimes  be  nearly 
16^^  less  than  the  equatoreal  parallax ;  but  this  is  in 
high  latitudes  :  in  the  latitude  of  London,  the  reduc- 
tion can  never  exceed  i  o"^  on  the  supposition  that  t 
is  to  c,  as  230  to  229.  .  .  .  See  also  Art.  ^^^. 

Iable  VIII.  contains  the  minDi  a.strimotniral  re- 
fracti('ti>^  as  calculated  by  Dr.  Irradlviiy  according  to 
the  theorem  given  in  Art.  1 05. :  the  use  of  this  table 
is  so  manifest,  that  it  needs  no  example,  the  refrac- 
tion, it  is  well  known,  being  always  subtracted  from 
the  apparent,  to  find  the  true,  altitude.  This  table 
shews  the  refractions  in  the  medium  state  of  the  atmo- 
sphere,  /.  c.  when  the  barometer  stands  at  £9*6 
inches,  and  Fahrenheit's  thermometer  at  50  degrees. 
The  refractions  agree  very  nearly  with  those  in  Dr. 
Mmkeli/nL*s  table,  given  with  his  OOscmz/iofis, 
1796. 

T.ABLK  IX.  contains  the  ri^:hf  (/.sccnsio/fs  (both  in 
time  and  degrees)  and  the  decUr.alhtn.s  of  sixty-four 
of  the  principal  //./(//  stars  for  the  beginning  of  the 
year   1800,    with   their  annual   variations   in   right 
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ascension   and   declination,    where   such   variations 
were  well  ascertained.     The  greater  part  of  this  table 
was  taken  from  Dr.  Zachs  catalogue  of  381  stars, 
given  in  Dr.   HuttoiCs  Dictionary.     Some  errours 
are  corrected,  and  most  of  the  variations  in  declina- 
tion supplied,  from  a  comparison  of  the  tables  of  Dr. 
Maffkeijffttj  Im  Cai/le,  Maye)\  and  others  of  acknow- 
ledged  accuracy.      When  the  places  of  these  stars 
arc  wanted  for  any  time  after  the  beginning  of  the 
year  1800,  multiply  the  annual  variation,  both  in 
right  ascension   and  declination,   by  the  years  and 
decimals  which  have  elapsed  since  that  time ;  the  pro- 
duct arising  from  multiplying  the  R.  A.  must  be 
added  to  the  R   A.  for  1800.  for  the  R.  A.  sought : 
but  the  product  arising  from  multiplying  the  declina- 
tion must  be  added  or  subtracted,  according  as  the 
sign  +  or  —  is  found  against  the  annual  variation  in 
the  last  column;  the  sum  or  difference  gives   the 
declination.     But  if  the  places  of  the  stars  be  wanted 
for  any  time  previous  to  the  year  1800,  the  variation 
in  R.  A.  must  be  subtracted  from  the  R.  A.   found 
in  the  table  (except  in  one  instance  where  the  varia- 
tion is  — ),  and  the  variation  in  declination  must  be 
applied  with  a  contrary  sign  to  that  which  stands 
against  it.     In  this  table  the  mean  places  of  the  stars 
are  exhibited  ;  and,  to  obtain  their  apparent  places, 
the  mean  places  should  be  corrected  for  aberration, 
and  the  equation  of  equinoctial  points  ;  this  we  merely 
mention,  to  shew  the  reason  of  the  difference  between 
the  tabular  and  the  observed  places. 

Table  X.  shews  the  mnin  /onif'ifadcs^nd  the  Z^///- 
lua'cs  of  sixty  sfar.s  for  the  beginning  of  the  year 
1800  :  their  mean  longitudes  for  any  other  time  may 
be  found,  if  505:  seconds  ^Art.  57.)  be  addai  tor 
each  snccredifi^j  or  suhlractcd  for  each  prcvd',:.'^ 
year,  and  proportional  parts  of  50'''^  for  parts  of  yeirs. 
The  latitudes  vary  by  such  insensible  degrees,  that 
the  table  will  answer  pretty  well  for  a  few  years^ 


SiS  Explanation  of  the  Table9^ 

without  regarding  the  variations.  By  means  of  this 
table,  and  a  table  of  the  moon's  longitude  for  every 
twelve  hours,  we  may  ascertain  how  often  a  given 
fixed  star  may  be  eclipsed  by  the  moon  in  a  given 
year ;  for  instance,  spica  virgims^  or  •  «ft  in  the  year 
1801 :  the  longitude  of  the  star  for  1801  is  nearly 
si°  4'  of  ^j  the  latitude  2^  2'  ii^S.  Now,  on  Mar. 
30,  at  12  P.M.  the  long.  ])  is  1^9^  37^  44^  of  ^,  and 
the  lat.  })  58'  i4^S.  and  the  long,  and  lat.  are  so  in* 
creasing,  that  at  about  2^  past  midnight  the  moon  and 
star  are  in  conjunction,  and  the  diflference  of  their  lati^ 
tudes  is  less  than  57' ;  whence  (Art  545. )  it  appears 
there  will  be  an  occultation  about  that  time.  In  a 
similar  manner  it  may  be  found  that  there  will  be 
occultations  of  the  same  star  behind  the  moon  oa 
May  24,  between  eight  and  ten  o'clock,  P.M.  and  on 
July  18,  about  noon:  either  of  these  occultatioos 
may  then  be  calculated,  by  following  the  precepts  ia 
Art.  546,  et  seq. 


INDEX. 

[The  figures  denote  the  Articles  referred  to.] 

A. 


A 


BERRATION.  Art.  630.— 646. 

Acceleration  of  the  moon,  444. 

Achronical  rising  and  setting,  185. 

Altitude,  ofthcpole^  25.;  of  the  equator,  26.;  of  the  nonagesi- 
nial  degree^  15^.  Note. 

Amplitude^  east  and  west,  51. 

Angle^  of  <:ommuiation,  292. ;  under  which  the  sun  would  appear 
from  a  fixed  star^  700. 

Annual  parallax,  630. 

Anomaivy  mean,  299. ;  true,  299. ;  excentric,  300. ;  to  find  the 
true  from  the  mean^  318. — 321. ;  the  mean  firom  the  true,  323. 

Anomalistic  year^  316. 

Antarctic  circle,  3 1 . 

Antecedentia,  296. 

Antipode,  23. 

Aphelion,  and  Apsides,  296. 

Apparent  diameter,  of  the  sun,  387.;  of  the  moon,  461.;  of  the 
planets,  387.  388. 

Apogee.  297. 

Arctic  circle,  31. 

Argument  of  latitude,  298. 
,     Ascepding  and  descending  points,  i$6. 3  signs,  45. 

^itcen<»ion,  right  and  oblique,  44. 

Ascensional  difterence,  44.   184. 

Asterisms,  68. 

Astronomy,   i.  2. 
h    Astronomical  tables.  377. 

:     Atmosphere,  cause  of  refraction,  94.5  of  twilight,  X07. 
y    Autumnal  equinox,  53. 

Axjs  of  the  earth,  14.;  of  the  heavens^  17.5  parallelism  ol^  20  J. 

Azimuth,  51. 


\ 


r 
r- 


B 
Boscovich*s  method  of  finding  the  refraction,  10 


Uircles,  greater  and  Ifss,  i  a. ;  ot  longitude, 

tion,  43. ;  of  perpetual  apparition  and  occult ItUflii^' 

Circumpolar  stars,  31. 

Cnmeu,  tbeir  orbits,  584.-536.;  tails.  634. — (SaS.; 
583.;  periods,  615.;  Cole'a  theory  j1,  613.;  Newt 
Eiiler's,  637. ;  Hamiltons,  618, ;  Herachel'a,  619.  j 

Com  mutation,  392. 

Conical  shadow,  jir. 

Conjunction,  inferiour  and  superioifr.  2j0,  ja^ 

Copcmican  System,  ao^. 

Cosmas  Indopk^stcs,  tii>  opinion,  4. 

Cosmica!  rising  dnd  selling,  :84. 

Conslellatiofis,  68.;  tables  of,  7:, 

Crepuscuiiiitij  or  twilight,  107.1  when  Ehorttst,  138.- 

Culminating  point,  160. 

Culmination  of  Ihe  atara,  171. 

Curtate  dbtance,  393.  374. 

Ctu'ps,  166.  470. 


Days  and  nights,  their  inequalitjr,  Ja- 
Day  solar,  iii.;  sidereal,  it 3. 
Oeclinatiun,  north  and  south,  41,)  of  a  stsr,  (o  {ind. 
Density  of  the  planets,  389. 
Diameter,  see  Apparent.     Real,  of  sun,  i 
Dichotomy,  47c. 
Diflerence  of  longitude,  20. 
Digits,  527, 
kDiuoI' tbebMiaoii.  6S0.       -.^ 


INDEX. 

Ecliptic,  4^.;  its  obliquity,  40. 

Eclipses  of  the  sun,  J29. — 541. ;  of  the  moon,  520. — 528.  ;  of  ju- 
Piter's  satellites,  505.;  limits,    52.3.  533.5  periods  of  eclipses, 

543- 
Elevation  of  equator,  26. 

Ellipsis,  properties  of,  279.,  &c. 

Ellipticd  orbits,  262.,  ^c. 

Elongation,  greatest,  259. 

Epicycle,  204,  228.;  epicycloid,  240. 

Equation  of  the  centre,  299.;  greatest,  ^12,  322. 

Equation  of  time,  113. ;  Dr.  Maskelyne*s  investigation  of,  117 

Equator,  15.5  equinoctial,  17. 

Equinoxes,  40. 

Errour  in  sun's  altitude  given,  to  find  the  errour  in  time,  132. 

Ev^ng,  Mr.,  his  rule  to  find  latitude  at  the  centre,  659.  Note. 

Ex(%ntricity,  295.  304.  345. 

Eye's  true  and  imaginary  place  and  orbit,  222. 


F. 

Fixed  stars,  27.  58. ;  order  and  magnitude,  59. ;  changes,  74.  i 
right-ascensions,  &c.  62.;  distances,  683.-^93.3  number, 
695. ;  motion,  699. ',  nature,  709. 

G. 

Galaxy,  70.  695. 

Geocentric,  longitude,  46.5  latitude,  47. 

Georgium  sidus,  195.;  discovered  by  Herschel,  378.;  calculatloq 

of  its  orbit,  3  78.— 380. 
Gravitation,  212.  282. 

H. 

Harvest  moon,  470. 

Heavens,  scheme  of,  166. 

Heliacal  rising  and  setting,  187. 

Heliocentric  longitude,  46.;  latitude,  47.)  conjunction^  416 

Horizon,  sensible  and  rational,  21. 

Horizontal  parallax,  83.  579.;  moon,  483.-488. 

Horoscope,  166. 

Hour  circles,  43. 

I.  J. 

Inclinations  of  the  pUnett' orbits,  291.  356. 
Informes^  69. 


I  ND  EX. 

Irregularities  of  the  moon,  420. — 439. 

Inferiour  planets,  251. 

Jupiter,  702.;  his  diameter/ 387. ;  belts,  40 1. ;  rotation,  401.; 
distance  from  the  sun,  360.5  period,  333.;  etcentricity  of  or- 
bit, 34j.;  aphelion,  341.  j  node,  351.;  satellites,  511. 


K. 

Kepler*s  elliptic  theory  and  lawS|  208.  209.  %yi,  284.  ;  probleB» 

318.— 323. 

L. 

Latitude,  terrestrial,  19  ;  to  find,  648. — 659.;   celestial,    47.; 

geocentric,  47.;  heliocentric,  47.  371.  j  on  the  sphere  reduoai 

to  latitude  on  the  spheroid,  j  j2.  639.  Note. 
Laws  of  motion,  &c.  262.274. 
Libration  of  the  moon,  463. 
Light,  its  motion^  509. ;  Aberration,  630.  646. 
Line  of  the  nodes,  290.;  of  the  apsides,  296. 
Long,  Dr.,  his  globe  at  Pembroke -hall,  73.  Note. 
Longitude,  terrestrial,  20. ;  to  determine,  660. — 680. ;  cekstiil, 

46. ;  geocentric,  46.  ;  heliocentric,  46.  368.  j  of  the  Donagoi- 

mal  degretf,  155.  Note. 
Lunar  mountains,  471. 

M. 

Magnitude  of  the  planets,  389. 

Mars,  201. ;  his  parallax,  91. ;  distance,  360. ;  period,  333. 5  di** 
meter,  387.  j  rotation,  400.;  excentricily,  345.3  node,  351.; 
aphelion,  341. 

Maskelyne,  Dr.  on  transits,  576,  &c. 

Mean  distance,  294. 

Mercury,  200  j  his  distance,  360.  j  period,  333.;  diameter,  387.} 
aphelion,  341.  J  excentricity,  345.;  node,  351. 

Meridian,  j8.  j  line,  to  find,  33. 

Midheaven,  175. 

Milky  way.  70. 

Moon,  197. ;  her  irrf*gnlnritics,  420. — 439. ;  ap«ide«,  450. ;  nodes, 
446. ;  inclination  oi  (<rbit,  449.  ;  excentricity,  453.  ',  distance, 
437.5  magnitude,  461. 5  rotation,  462. ;  period,  440  5  accelf- 
ration  444*3  p  rallax,  435  5  path  always  concave,  4jS. ;  age 
and  soutliing,  ^89. — 494.3  lihration,  463.5  shadow,  5  9-t 
phases,  467.-469. 5  cusps,  or  horns,  470.  j  miHiQtaiDf  an^ 
maps,  472. 5  atmosphere,  478. 


INDEX. 

JJoraiiig  and  evening  star,  406. 

Mtftion  apparent  and  relative,  221. ;  annual  and  secular,  3  :a 


X. 

Nadir,  23. 

Nautical  Almanac,  681.  Note. 

Nebular,  696. 

Newtonian  system,  111. — 214.;  rules  of  philosophising,  2 1  ^. 

Nodes,  and  line  of  nodes.  290. 

Konagesimal  degree,  158.  470. 

North  latitude,  19. 

Northern  signs,  4$. 

Nutation,  645.  Note. 


Oblique,  sphere,  30. ;  ascension,  44. 
Occnltations,  55.5  of  the  fixed  stars,  54S*-*SS9* 
Opposition,  20a.  250.  328. 
Optic  orbit,  222. 


P. 

Parallax,  79. ;  to  find,  89,  &c. ;  of  the  moon,  45$. ;  of  the  bun, 
579, ',  eouatoreal  reduced  to  parallax  on  the  spheroid,  533. 

Parallel  of  latitude,  19.  ;  parallel  sphere,  a8. 

Parallelism  of  the  earth's  axis,  20^. 

Penumbra,  528.3   its  dimensions,  531. 

Perigee,  297. 3  perihelion,  396. 

Periods  of  the  planets,  333. 

Phases  of  Venus,  207.  403. 

Piazzi^s  planet,  195.  382.  Note. 

Plane  of  companion,  224. 

Planets,  27.  194.  -,  opake  bodies,  20$.;  probably  inhabited,  701. 3 
move  round  the  sun,  205. 3  orbits  elliptical,  262. — 28 7. ;  intc- 
riour  and  superiour,  251. ;  direct  retrograde,  254. — 255. 3  su- 
tionary,  354.  255.  407. 3  altiturles,  azimuths,  \c.  41b. 

Poles,  13.;  of  the  equator,  15.;  of  the  heavens,  17. 

Polar  circles,  31. 

Precession  of  the  equinoxes,  57. 

Prime  vertical,  jo. 

Projection  of  the  optic  orbit,  223. 

Problems,  relative  to  the  sun,  lai.— iJJ ;  to  the  stars,  168. — 1S3., 
the  earth,  301.— 325. 

Ptolemaic  system,  ftQ4* 


.JUng  olSaltirn,  514.-'^^^^^^^^ 

Right  sphere,  49 . 

^ighl  asccDfiion  of  a  star,  to  find,  €3. 


Botation  of  the  plantts,  390. 


5,307.493. — s'Jt  of  Jupiter,  Jii 
satum,  ;ts.;  of  georgium  sidus,  {13. 

Saturn,  301. ;  his  diameter,  38;.:  belts,  402.; 
distance,    360.;  cxct-ntriciiy,  345. ;    pcrtud,    33J, 
341.  ;  node,  351. i  ring,  403.  514,  " 

Secondary,  i». 

Seasons,  ^3.  j,j. 

Semidiurnal  arc,  5a. 

Semilychunic  sysU'Di,  ac6, 

Scbemeof  the  heavens,  166. 

Sidereal  ytar,  56. 

Signs  of  Ihe  loJJae,  45. 

Simple  elliptic  hypolhcais,  331. 

SoUlices,  48,  53.'  30a. 

Solar  system,  son,  centre  of,  3 19' 

South,  So.  ;  latitude,  19.  |  signs,  45. 

Sphere,  parallel,  38.  >  right,  ag. ;  oblique,  }0, 

Stars  :  sec  ford. 

Sun,  hid  apparent  motion,  37.;  real  motion,  ' 

tudc,   3J.;  rising  and  setting,  lai.;  magnitude,  389 
"    1, 396- J  distance,  33J, ;  spots,  307,  397. ;  luilare, ! 
iorplan«t»,3si.  ' 


T  N  D  E  X. 

Tmiebi :  tee  Crtyateahm, 
ttydioaie  t/iton,  ao4. 


T99. ;  diManre,  j<5o. }  p*rintl,  3J J.  ;  dhmtter,  i8j. ;  ro 
tino,    599-;  cifimlridty,   34V;   a(>i>clion,   :4t    ;    BUiic,  J51 
greatest  dongation,  KJ9. )  grtatot  brilliancy,  4OJ, 
'd'OtjtofliglM,  ;o9. 

'  circUj,  la. 


W. 


Wirt  of  s  tdeseope,  time  in  wMiJi  ihe  mm  naves  over  it,  i  (a. 
W'iWa,  Mr.,  his  mode  of  wcrriaini.i^  wbmiLT  the  txnXK  ai  the  1 


hr  lysteni  be  in  mution,  646. 


'v*r,  tiopinl,  j4  J  it<Jereil,  5'). ;  anomalitiic,  ji6, 
Z. 


niih,  sj.i  a«niih(li>tance,  61. 


addSNdj  et  corrigenda. 


.Ifltt-^9'...'.iht.€  ,  .  .  ./or  Art.  7.)  .  .  imJ  Arf-  37. 

i     •  '  .4*  •  •. .  ■  0,fnm  b.    '.  Zwhcnirh  ....  Zubtuueh. 

*      48  .  .,*■■»  .  .  (/o.  .  .  his  h!/!e    ....  thia  hole. 

69  ....  I n'ltadi(Jii  of  .    .  M-fVaftion*  tt. 

SO*  .  in  tienmniHg  title    LaiiiiiJr  ....  Aliiludc 
loj  . ',  .    ir,/nnfl  b.    .  An.  140    ...  An.  160. 

«8i  ....;.  .</(p.  ..  rfU J'R. 

aOi  .  .  .\  6  .  .  do r  +  ^/f'c-f 

SIO  ...    »7 X).  Homily  .  .  Dr.  H^-ntiy. 

»!«,■.  .    io Cbaplcra     .  .  .  ChajitiT. 

■»J8'1  .  .    15 thcH.*  yola     .  ,  this*  s^*At, 

'-■  ■     Jb.  ,  .  i    A.    .  .  .  dele  Ihe  comma  after  lOanrkmi. 

%/r'  +  r+i 

r+.+f* 


a>.  .  .  .  .  t 

*.  .  -.    i« ri:i.  .  .  .  .  .  r4:i  J 

398  the  reuoning  wtiich  is  adapled  in  this  page,  to  HlDUW  \ 
-  the  apprrfieiision  ihat  the  moon,  at  ht-r  n^njunclion, 
ought  to  abandon  tbe  earth,  in  conaeqacnce  of  her  greater 
gravitatioa  towatds  the  sun  than  towanlt  the  eanb,  maj 
■not,  perhaps,  carry  conviction  to  the  mind  of'ereiy 
reader ;  it  is,  therefore,  thought  adviieable  to  insert  like- 
wise the  very  ingenious  and  satisfactory  remiiLi  at 
Mr.  Rosins  on  this  subject,  as  given  in  the  Secmd 
Volume  of  hia  Thacts,  p.  190.  "  There  if,"  says  b^ 
"  no  proposition  in  the  whole  theory  of  motion  man 
incontestibic  and  obvinus,  than  Ihat  the  relative  mMuot 
of  any  system  of  bodies  will  be  no  wayi  affected  by  equal 
accelerating  forces  applied  in  parallel  directions  to  each 
of  the  bodies  that  compose  it.  Therefore,  if  to  tht 
earth  and  moon  equal  degrei'S  of  grantatioa  toward*  th* 
sun  were  applied  in  parallel  direction*,  no  change  in  th« 
relative  motion  of  the  moon  about  the  earth  would  bt  - 
thence  produced,  even  though  the  gravitation  to  tbe  na 
Were  in  each  of  them  a  thoufand  times  greata  tbaa  tbe 

moon's  gravitation  to  the  earth Coiuequendy, 

from  (he  absolute  ciuantity  of  the  moon's  gixTitatioo  to 
the  sun,  no  inequalities  will  arise  in  her  motioa,  uoleM 
that  force  be  dilfcrcnt,  or  differently  directed,  Iroai  tbe 
force  of  the  sun  on  the  earth.  But  the  diameter  of  tbe 
moon's  oibit  is  fo  small,  compared  with  tbe  dutancc  «f 
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the  sun,  that  lines,  drawn  from  any  jioinU  of  thai  orbit 
to  the  »un,  (tifTer  but  little  from  being  parallel  tu  the  line 
joining  the  earth  and  sun,  and  her  gravitation  In  the  £uii 
in  the  several  parts  of  her  orbit  is  but  little  dilFcri-nt  ftom 
the  gravitation  of  the  earth  to  the  sun.  It  Is^  t/iese 
diU'treticn  only,  and  not  by  the  whole  gravitalii'n  of  the 
moon  to  the  sun,  that  the  relative  motion  of  the  moon 
abotit  the  earth  can  be  disturbed  ;  and  from  them  arise 
the  ine(]ualitiea  in  thjt  motion  observed  by  astronomer*." 

309  .  .  line  B,from  b.for .  nad ~ 

317  Mr  Robins,  at  p.  34;,  vol,  II.  of  his  TRAtTS,  ba» 
she-.vn  how  to  delfrmine  the  flpparcnl  concavity  of  iha 
sky  in  an  accurate  geometrical  manner,  by  ioca!:a  of  the 
hyperbola  )  he  has  also  given  a  concise  method  ot  com- 
putaiiun,  and  has  redied  variuus  o|)tntons  on  the  subject 
-  of  the  horizontal  lutninririci,  between  p.  334  and  n'j  of 
the  fame  volume,  w-hi-.b  may  be  consulted  by  such  as 
wish  to  obtain  ^rth<:r  information  on  this  point. 

ji;a  AV  II  .  .for  a-iSo    ...    read  aiSo. 

3;j  in  the  note    .  .  penumbra  pass   .  .  penumbra  lo  p^ss. 

J78  ^  b.  in  the  nott  to  the  north    ...  to  be  the  north. 

jSq  line  30  .  .  .  .  Hippocraret,  Chios  .  Htppwrales  of  C/iiui. 

$1)6  bvflomHne    .  .  Art.  <;ii Art.  ;88. 

417  iatheaote  .  .  .  vol.  fV vol.  VI. 

480    lint  10  fiomb.  number* numU-r. 
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